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This  paper  includes  the  results  of  an  attempt  to  develop  a  simple 
colorimetric  method  for  the  estimation  of  the  relative  numbers  of 
lactobacilli  in  the  saliva  as  a  supplementary  procedure  for  the  quan¬ 
titative  techniques  (1,  2)  used  in  the  study  of  dental  caries.  The  test 
was  based  on  the  assumption  that  since  caries  activity  is  closely  cor¬ 
related  with  the  numerical  rise  and  fall  of  lactobacilli  in  the  saliva, 
it  should  be  possible  to  demonstrate  a  corresponding  increase  and 
decrease  in  the  amount  of  acid  produced  in  a  selective  carbohydrate 
medium  inoculated  with  definite  amounts  of  saliva.  Thus,  significant 
color  changes  in  selected  time  intervals  could  be  interpreted  roughly 
in  terms  of  lactobacilli  per  c.c.  of  saliva  as  established  by  an  adequate 
number  of  control  plate  counts.  The  present  data  embodies  a  large 
series  of  tests  on  specimens  of  saliva  sent  to  the  School  of  Dentistry  of 
the  University  of  Michigan  for  estimation  of  numbers  of  lactobacilli. 

METHOD  AND  MATERIAL 

The  essential  requirement  for  such  a  method  was  a  medium  selective  for  the  acidogenic 
organisms,  especially  the  lactobacilli,  in  the  saliva  and  so  colored  that  shifts  in  the  indicator 
could  easily  be  detected.  Beef  infusion  agar  to  which  glucose  or  lactose  and  an  indicator 
were  added  was  found  to  be  very  satisfactory  since  acid  tomato-peptone  agar  (2)  masked 
the  color  of  the  indicators  used.  Since  the  medium  to  be  sufficiently  selective  must 
have  an  initial  acidity  of  at  least  pH  5.0,  the  number  of  indicators  was  at  once  limited. 
After  many  trials  with  brom-cresol-green  (pH  3.8-5.4),  brom-phenol-blue  (pH  3.0-4.6), 
benzene-azo-a-naphthylamine  (pH  3.7-5 .0),  and  a-naphthylamine-azo-sulfanilic  acid 
(pH  3.5-5.7),  it  was  found  that  brom-cresol-green  was  the  most  satisfactory  because  the 
color  changes  were  easy  to  follow  and  the  indicator  was  stable  at  sterilizing  temperatures. 

Using  specimens  of  saliva  from  38  selected  caries-free  children  and  134  freshman  medical 
students,  it  was  found  that  “shake”  tubes,  to  which  measured  amoimts  of  saliva  could  be 
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added  at  45°C  followed  by  immediate  cooling  of  the  medium  and  daily  observation  for  4 
days  at  37°C,  gave  more  consistent  results  than  either  streaked  plates  or  stabbed  slants. 
These  preliminary  tests  established  a  definite  correlation  between  intensity  and  time  of 
color  change  and  estimated  numbers  of  lactobacilli  in  the  respective  specimens. 

Changes  in  the  color  of  the  indicator  were  recorded  as  0  for  no  difference  compared  with 
uninoculated  controls  and  4  for  a  complete  shift  from  the  blue-green  to  the  yellow.  Inter¬ 
mediate  stages  were  estimated  as  1,  2  or  3  {fig.  1).  However,  to  avoid  the  confusion  in 
estimating  degrees  of  intensity,  significant  or  positive  changes  were  considered  to  be  only 
those  tubes  in  which  green  was  no  longer  the  dominant  color  and  determined  as  either  3  or 
4.  This  point  on  the  colorimetric  scale  for  brom-cresol-green  is  approximately  pH  4.2- 
4.4,  and  was  selected  because  pure  cultures  of  streptococci,  yeasts,  and  staphylococci  did 
not  alter  the  color  below  this  limit  whereas  cultures  of  lactobacilli,  especially  the  S  form, 
caused  a  complete  shift  in  48  hours. 

To  supplement  the  preliminary  observations  a  survey  by  clinical  and  quantitative 
methods  of  the  incidence  of  caries  in  a  large  number  of  children  in  a  “mottled  enamel” 
district  in  Texas*  was  welcomed.  The  specimens  of  saliva  were  collected  in  sterile  bottles 
at  different  public  schools  and  shipped  by  air  mail  to  Ann  Arbor  where  definite  quantities 
were  sampled  before  “shake”  tube  cultures  were  made.  In  this  manner  lactobacillus 
coxmts*  were  determined  independently  and  were  not  compared  with  the  results  of  the  color 
tests  until  after  the  latter  were  discarded.  All  the  results  reported  in  this  paper  were 
determined  with  “shake”  tubes  which  contained  approximately  5-7  c.c.  of  the  acid  glucose 
or  lactose  agar  containing  brom-cresol-green  as  the  indicator  and  inoculated  with  either 
0.1  c.c.  or  0.2  c.c.  of  saliva. 


RESULTS 

The  significant  color  changes  every  24  hours  for  4  days  with  per¬ 
centages  of  positive  results  in  relation  to  independent  lactobacillus 
counts  are  recorded  in  Tables  I,  II  and  III.  Table  I  contains  the  data 
when  0.1  c.c.  was  inoculated  into  2  per  cent  glucose  infusion  agar 
(pH  5.0)  with  bromcresol-green  as  the  indicator.  The  lactobacillus 
counts  were  arbitrarily  grouped. 

Table  I  shows  that  in  24  hours  only  1  specimen  of  saliva  induced 
significant  color  change  but  in  48  hours  the  number  of  cultures  show¬ 
ing  distinct  acid  production  increased  proportionately  with  the  esti¬ 
mated  numbers  of  lactobacilli.  At  this  time,  however,  only  2  of  158 
specimens  containing  less  than  1,000  lactobacilli  per  c.c.  of  saliva 
were  recorded  as  positive.  The  same  trend  was  observed  at  72  and 
96  hours  with  less  clear  cut  features  except  the  almost  uniformly  com¬ 
plete  color  shifts  with  lactobacillus  counts  above  20,000  per  c.c.  of 

*  Conducted  for  the  U.  S.  Public  Health  Service  by  Dr.  H.  T.  Dean  and  associates. 
Dr.  Philip  Jay  was  a  consultant  in  this  study. 

*  The  author  is  indebted  to  Dr.  Philip  Jay  of  the  School  of  Dentistry  for  the  quantita¬ 
tive  lactobacillus  counts. 
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saliva.  The  failure  to  interpret  color  changes  at  48  hours  with  lacto- 
bacillus  counts  between  low  and  high  numerical  levels  emphasized 
that  acid  production  was  not  always  dependent  on  numbers  of  lacto- 
bacilli  and  was  correspondingly  influenced  by  many  factors,  some  of 
which  will  be  mentioned  later  in  this  paper. 

Similar  tests  were  carried  out  with  an  increase  of  the  inoculum  to 
0.2  c.c.  of  saliva.  The  results  are  given  in  Table  II. 

TABLE  I 


Comparison  of  acid  tomato- peptone  agar  plate  counts  of  lactobaciUi  in  the  saliva  with  color 
changes  in  brom-cresol- green  glucose  agar  {pH  5.0)  ''shake"  tubes  iruxulated  with 
0.1  c.c.  saliva 


LACTOBACI1J.I/C.C. 
SALIVA  (tomato  AGAK 
PLATE  COUinS) 

NO. 

SPECIMENS 

TIME  IN  BOUSS 

24 

48 

72 

96 

No. 

Posi¬ 

tive* 

Per 

Cent 

No. 

Positive 

Per 

Cent 

No. 

Positive 

Per 

Cent 

No. 

Positive 

Per 

Cent 

0 

114 

0 

0 

1 

0.88 

3 

2.6 

8 

7.0 

0-  100 

14 

0 

0 

0 

0 

3 

21.4 

4 

28.6 

100-  1,000 

30 

0 

0 

1 

3.33 

19 

63.4 

26 

86.7 

1,000-  5,000 

44 

0 

0 

18 

40.8 

39 

88.7 

43 

97.8 

5,000-  10,000 

25 

0 

0 

14 

56.0 

23 

92.0 

24 

96.0 

10,000-  20,000 

22 

0 

0 

10 

45.5 

17 

77.3 

19 

86.5 

20,000-  30,000 

19 

0 

0 

14 

73.7 

18 

94.7 

19 

100 

30,000-  50,000 

18 

0 

0 

11 

61.2 

18 

100 

18 

100 

50,000-100,000 

32 

0 

0 

30 

93.7 

30 

93.7 

32 

100 

100,000- 

45 

1 

2.2 

40 

89.0 

42 

93.5 

95.7 

363 

*  Positive  changes  included  only  those  tubes  in  which  green  was  no  longer  the  dominant 
color,  and  recorded  as  3  or  4. 


In  this  series  the  same  failure  to  produce  significant  amounts  of  acid 
in  24  hours  was  noted,  but  within  48  hours  the  number  of  cultures 
showing  distinct  color  change  was  greatly  increased.  However,  less 
than  2  per  cent  of  the  specimens  having  under  100  lactobaciUi  per 
c.c.  of  saliva  were  recorded  as  positive.  Nearly  uniform  complete 
changes  were  observed  with  specimens  containing  over  100  lactobaciUi 
per  c.c.  of  saliva  in  72  and  96  hours.  It  was  apparent  that  increasing 
the  inoculum  from  0.1  c.c.  to  0.2  c.c.  of  saliva  caused  a  larger  number 
of  positive  reactions  in  48  hours  with  respect  to  lactobacillus  popula- 
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TABLE  II 

Comparison  of  acid  tomato- peptone  agar  plate  counts  of  lactobaciUi  in  the  saliva  with  color 
changes  in  brom-cresol-green  glucose  agar  {pH  5.0)  “shake"  tubes  inoculated  with 
0.2  C.C.  saliva 


TIKE  IN  HOintS 


LACTOBACILLI/C.C. 
SALIVA  (TOKATO  AGAK 

NO. 

24 

4S 

72 

96 

PLATE  COUNTS) 

No. 

Posi¬ 

tive* 

Per 

Cent 

No. 

Positive 

Per  1 
Cent  I 

No. 

Positive 

Per 

Cent 

No. 

Positive 

Per 

Cent 

0 

102 

0 

0 

2 

1  2.0 

4 

4.0 

11 

11.0 

0-  100 

18 

0 

0 

0 

1  ® 

6 

33.3 

12 

67.0 

100-  1,000 

28 

0 

0 

7 

!  25.0 

24 

85.8 

27 

96.5 

1,000-  5,000 

50 

0 

0 

21 

42.0 

42 

84.0 

47 

94.0 

5,000-  10,000 

15 

0 

0 

9 

60.0 

14 

93.5 

15 

100 

10,000-  20,000 

18 

0 

0 

12 

1  67.0 

17.5 

94.5 

18 

100 

20,000-  50,000 

25 

0 

0 

20 

80.0 

25 

100 

25 

100 

50,000-100,000 

24 

1 

4.2 

22 

j  91.7 

24 

100 

24 

100 

280 

•  Positive  changes  included  only  those  tubes  in  which  green  was  no  longer  the  domi¬ 
nant  color,  and  recorded  as  3  or  4. 


TABLE  III 

Comparison  of  acid  tomato-peptone  agar  plate  counts  of  lactobaciUi  in  the  saliva  with  color 
changes  in  brom-cresol-green  lactose  agar  {pH  5.0)  “shake"  tubes  inoculated  with 
0.2  C.C.  saliva 


TOO.  IN  HOUBS 


LACTOBACILU/C.C. 
SALIVA  (tomato  ACAK 

NO. 

48 

72 

96 

PLATE  COUNTS) 

No. 

Posi¬ 

tive* 

Per 

Cent 

No. 

Positive 

Per 

Cent 

No. 

Positive 

Per 

Cent 

No. 

Positive 

Per 

Cent 

0 

29 

0 

0 

1 

3.5 

2 

6.9 

2 

6.9 

0-  100 

11 

0 

0 

1 

9.1 

2 

18.2 

3 

27.3 

100-  1,000 

22 

0 

0 

2 

9.1 

14 

63.7 

19 

86.5 

1,000-  5,000 

15 

0 

0 

1 

6.7 

12 

80.0 

14 

93.5 

5,000-  10,000 

7 

0 

0 

3 

43.0 

7 

100 

7 

100 

10,000-  50,000 

16 

0 

0 

13 

81.5 

16 

100 

16 

100 

50,000-100,000 

16 

0 

0 

11 

68.8 

16 

100 

16 

100 

100,000- 

26 

162 

0 

0 

21 

80.8 

26 

100 

26 

100 

*  Positive  changes  included  only  those  tubes  in  which  green  was  no  longer  the  domi¬ 
nant  color,  and  recorded  as  3  or  4. 
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tion.  A  few  tests  with  0,3  c.c.  and  0.5  c.c.  of  saliva  did  not  materially 
change  the  percentages  already  listed.  As  in  the  previous  series  there 
was  the  same  objection  of  attributing  acid  production  in  48  hours  solely 
to  numbers  of  lactobacilli,  although  the  difference  approached  a  mini¬ 
mum  with  a  longer  incubation  period. 

It  was  thought  that  another  carbohydrate  might  give  better  dif¬ 
ferentiation;  consequently,  lactose  was  substituted  for  glucose  in  the 
acid  infusion  agar.  This  medium  was  inoculated  with  0.2  c.c.  of  the 
respective  specimens  of  saliva;  the  results  are  given  in  Table  III. 

Although  this  series  was  much  smaller  than  the  others,  the  relation 
of  color  changes  to  respective  lactobacillus  counts  seemed  to  have 
much  wider  numerical  limits;  that  is,  of  specimens  with  counts  under 
5,000  lactobacilli  per  c.c.  of  saliva  only  6.5  per  cent  were  positive, 
whereas  all  specimens  of  saliva  with  more  than  5,000  lactobacilli 
j)er  c.c.  were  strongly  positive  in  72  hours. 

DISCUSSION 

Since  it  has  been  established  that  caries  remains  absent  or  inactive 
with  few  or  no  lactobacilli  in  the  saliva  and  becomes  active  when  these 
forms  appear  in  constant  or  increasing  numbers,  it  is  possible  to  predict 
caries  activity  by  quantitative  estimation  of  the  numbers  of  lacto¬ 
bacilli  in  the  saliva  (3).  At  present,  methods  for  estimating  their 
numbers  are  limited  to  the  laboratory;  consequently  it  was  attempted 
to  develop  for  the  practicing  dentist  a  simple  colorimetric  test  which 
would  give  essentially  the  same  information  easily  and  rapidly. 

It  was  recognized  that  acid  glucose  broth  cultures  of  saliva,  although 
furnishing  a  valuable  aid  in  detecting  the  presence  of  lactobacilli, 
gave  no  clue  to  the  original  numbers  inoculated.  In  the  same  man¬ 
ner,  final  pH  values  of  these  broth  cultures,  as  shown  by  Boyd,  Zent- 
mire  and  Drain  (4),  would  in  no  way  reflect  the  numbers  in  the  inocu¬ 
lum.  However,  the  use  of  a  selective  acid  agar  medium  containing 
an  indicator  in  “shake”  tubes  indicated  in  preliminary  tests  a  correla¬ 
tion  between  color  changes  in  this  medium  after  inoculation  with 
measured  amounts  of  saliva  and  the  estimated  numbers  of  lactobacilli 
in  the  respective  specimens.  This  relationship  was  partially  con¬ 
firmed  in  a  large  series  of  color  tests  controlled  by  separate  lactobacil¬ 
lus  counts.  Thus,  it  was  possible  to  select  by  negative  color  change 
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'  in  48  hours  those  specimens  containing  less  than  1000  lactobacilli  per 
' — t.c.  of  saliva  with  about  4  per  cent  error,  but  with  increasing  numbers 
of  lactobacilli  it  was  difl&cult  to  interpret  color  changes  with  numbers 
of  lactobacilli  until  high  numerical  levels  were  reached  where  only  a 
small  percentage  of  specimens  of  saliva  failed  to  induce  color  change 
in  48  hours.  The  failure  to  secure  consistently  positive  results  even 
with  large  numbers  of  lactobacilli  in  the  saliva  made  clear  the  dif¬ 
ference  between  what  was  being  sought  and  actually  what  was  hap¬ 
pening;  namely,  the  color  changes  reflected  the  total  acid  produced  by 
acidogenic  organisms  in  the  saliva  rather  than  numbers  of  lactobacilli. 
Any  attempt,  therefore,  to  correlate  or  interpret  these  findings  in  terms 
of  caries  or  numbers  of  lactobacilli  must  include  a  consideration  of 
^  many  factors  some  of  which  may  be  briefly  discussed. 

In  contrast  to  the  quantitative  method  which  gives  relative  but 
constant  results  for  numbers  of  lactobacilli,  despite  all  the  errors  that 
influence  surface  plate  counts,  the  test  tube  procedure  is  one  in  which 
all  the  organisms  of  the  saliva  are  incorporated  into  a  selective  but 
different  and  partially  anaerobic  medium.  Although  pure  cultures 
of  yeasts  and  streptococci  did  not  cause  significant  changes,  their 
influence  on  acid  production  in  symbiosis  with  the  lactobacilli  must 
be  considered.  Fosdick  and  Hansen  (5)  have  already  shown  that  an 
enormous  increase  in  lactic  acid  occurred  when  yeasts  were  added  to 
cultures  of  lactobacilli.  Furthermore,  there  are  many  variants  among 
the  oral  lactobacilli  (6),  and  our  experience  showed  that  the  S  forms 
produced  acid  more  readily  and  in  greater  concentration  than  the  R 
types.  This  correlation  between  fermentative  ability  and  colony 
forms  was  recently  established  by  Tracy  (7)  with  another  species  of 
lactobacillus,  L.  plantarum.  Hence,  it  would  seem  possible  that 
symbiotic  relationships  and  types  of  lactobacilli  might  influence  the 
amount  of  acid  produced  by  the  organisms  of  the  saliva.  This 
ix)ssibility  suggests  the  interesting  speculation  whether  the  amount 
f  of  acid  produced  by  the  oral  flora  might  not  be  a  more  accurate  index 
caries  activity  than  numbers  of  lactobacilli  as  illustrated  by  the 
many  exceptions  to  the  production  of  significant  amounts  of  acid  in 
48  hours  or  even  longer  periods  by  specimens  of  saliva  with  varying 
numbers  of  lactobacilli.  This  matter  is  of  special  interest  since  there 
is  little  information  on  the  rate  of  cavity  formation  in  terms  of  num- 
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bers  or  varieties  of  acidogenic  bacteria  in  the  mouth.  An  extensive 
program  to  test  this  point  is  being  conducted  and  will  be  reported  at  a 
later  time. 

SUMMARY 

Changes  in  color  in  selected  time  intervals  of  brom-cresol-green 
glucose  or  lactose  infusion  agar  (pH  5.0)  in  “shake”  tubes  after  inocu¬ 
lation  of  0. 1-0.2  c.c.  of  saliva  were  correlated  with  quantitatively  es¬ 
timated  numbers  of  lactobacilli  in  the  respective  specimens.  It  was 
found  possible  to  select  by  negative  color  change  in  48  hours  with  4 
per  cent  error  those  specimens  having  less  than  1000  lactobacilli  per 
c.c.  of  saliva,  but  it  became  increasingly  diflScult  to  interpret  color 
shifts  directly  in  terms  of  lactobacilli  in  the  saliva.  The  possibility 
of  direct  application  in  the  study  of  dental  caries  is  discussed, 
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rRAUMATIC  L\7URIES  IN  THE  JAWS  OF  INFANTS 
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Foundation  for  Dental  Research,  Chicago  College  of  Denial  Surgery,  Chicago,  III. 

It  has  recently  become  known  that  traumatic  tissue  injuries  in 
human  teeth  are  far  more  common  than  was  previously  believed. 
These  injuries  were  found  in  erupted  teeth  and  were  attributed  to 
excessive  occlusal  stress  produced  by  various  factors.  In  the  sys¬ 
tematic  e.xamination  of  sections  through  the  jaws  of  many  infants, 
ranging  in  age  from  the  intrauterine  period  to  several  years  after 
birth,  numerous  evidences  of  traumatic  injuries  were  observed  in  bone 
sutures,  in  unerupted  tooth  germs,  and  in  erupting  teeth.  For  the 
sake  of  clarity  these  findings  have  been  divided  into  preemptive  and 
posteruptive  changes.  'I'he  present  paper  deals  with  the  preerupt  hr 
phase  traumatic  tissue  changes  in  sutures  and  in  unerupted  tooth 
germs.  The  findings  associated  with  erupted  deciduous  teeth  will  be 
reported  in  a  later  publication. 

t  nSTOLOd  1 C  FI  XI)!  XGS 

Sutures.-  /*'/('.  I  shows  a  general  view  of  a  horizontal  section  through 
the  upper  jaw  of  an  infant  that  died  at  the  age  of  18  days.  This  speci¬ 
men  was  originally  shown  in  a  publication  by  Logan.-  'I'he  germs  of  the 
deciduous  incisors,  c'anines,  and  molars  are  visible,  as  wedl  as  the  germs 
of  the  permanent  first  incisors  and  of  the  permanent  canines.  Be¬ 
tween  the  right  and  left  first  incisors  the  interma.xillary  suture  runs 
fairly  straight  in  a  .sagittal  direction;  it  is  bordered  by  even  bone 
surfaces  in  the  anterior  portion,  whereas  the  palatinal  portion  shows 
a  complicated  serrated  outline,  caused  by  alternate  deep  indentations 
and  sharp  projections  of  the  2  premaxillary  bones.  In  several  places 
opposing  spicules  of  bone  come  very  close  together.  Such  areas  of 
near  contact  were  found  in  the  anterior  portion,  in  the  middle,  and 

*  Dcctasfd. 
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at  the  palatine  end  of  the  suture.  A  higher  magnification  from  this 
specimen  {fig.  2)  shows,  in  the  upper  portion  that  the  normal  width  of 
the  suture  is  preserved.  In  the  lower  portion,  2  opposing  spicules  of 
bone  project  toward  each  other  in  such  a  way  that  the  intervening 
connective  tissue  of  the  suture  is  compressed  and  hyalinized.  Most 
of  the  nuclei  have  not  stained  in  this  area  and  the  entire  picture 
resembles  closely  the  typical  areas  of  early  trauma  found  in  the  perio¬ 
dontal  membrane  of  erupted  teeth  as  a  result  of  excessive  occlusal 


I'k..  1.  Horizontal  section  through  upper  jaw  of  an  infant  that  died  at  age  of  IX  days. 
S,  meriian  palatine  suture.  (Logan.  J.  .1.  D.  .1..  Id.Ls.) 

stress.  further  similarity  between  this  injury  of  the  stiture  and 
traumatic  injuries  of  the  jteriodontal  membrane  is  the  beginning  of 
undermining  resorption,  indit  ated  by  the  presence  of  osteot  lasts  in 
the  intact  connective  tissue  adjacent  to  the  injured  area. 

Similar  areas  of  injury  in  the  median  suture  were  also  observed  in 
frontal  sections  through  slightly  older  jaws.  I’igs.  2  and  -f  show  the 
findings  in  a  jaw  of  an  infant  of  b  months  of  age.  .\gain  there  is  a 
marked  irregularity  in  the  width  of  the  suture;  in  several  places  the 
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opposing  bone  spicules  are  almost  in  contact,  separated  only  by  a  thin 
layer  of  compressed  connective  tissue  (fig.  4).  In  these  areas  there 
is  rather  extensive  resorption  of  the  bone  surface  in  the  vicinity  of 
the  injured  connective  tissue. 


Kir..  2.  Highir  maKnificatioii  of  area  marktal  by  connective  tissue 

of  suture;  11,  It,  bone  spicules  on  opposite  siiles  of  suture;  11,  compresseil.  hyalinizetl  con¬ 
nective  tissue;  OU,  osteoclasts;  1’,  periosteum. 


The  findings  shown  in  figs.  3  and  4,  though  less  pronounced  than 
those  in  figs.  /  and  2,  are  important  because  they  occurred  in  the 
jaw  of  an  infant  of  9  months,  so  that  any  possible  birth  damage  to 
the  bones  of  the  skull  and  face  may  be  safely  excluded. 

iooth  i.erms.  Fig.  5  shows  a  labiolingual  section  through  the 
ileciduous  and  permanent  second  incisor  germs  of  an  infant  of  4 
months.  I'lie  2  tooth  germs  lie  in  a  common  Inmy  crypt,  surrounded 


Fig.  4.  Higher  magnification  of  the  median  palatine  suture  in  Jig.  3.  C,  connective 
tissue  of  suture;  It,  II,  hone  spicules  on  opposite  sides  of  suture;  H,  compressed,  hyalinized 
connective  tissue;  OC,  osteoclasts;  F,  ix'riosteum. 


the  open  root  end  of  the  deciduous  incisor  germ  (area  marked  with  a 
square  in  fig.  5}  reveals  that  the  tooth  germ  in  this  area  is  in  very 
close  contact  with  a  prominent  portion  of  the  bone.  'Phe  intervening 
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connective  tissue  is  compressed  and  hyalinized.  At  the  opposite  side 
of  the  root  end  the  distance  between  tooth  and  bone  is  not  noticeably 
altered. 

similar  condition  was  observed  at  the  root  end  of  an  unerupted 
deciduous  mandibular  second  incisor  of  an  infant  of  9  months  of  age. 
Fif’.  1  shows  a  general  view  of  the  erupting  deciduous  first  and  second 
incisors.  The  root  of  the  latter  has  been  forced  against  the  bone  of 
the  tooth  crypt  on  the  mesial  side  causing  compression  of  the  connec- 


Fig.  5  Fig.  6 


Fig.  5.  Labiolingual  section  through  the  manclihle  and  the  deciduous  and  permanent 
second  incisors  of  an  infant  of  4  months.  D,  deciduous  tooth  germ;  P,  permanent  tooth 
germ. 

Fig.  6.  Higher  magnification  of  area  marked  hy  a  square  in  jig.  5.  P,  pulp;  I),  dentin; 
HS,  Hertwig’s  sheath;  H,  hone;  H.  compressed,  hyalinized  connective  tissue  between  root 
and  hone. 


tive  tissue  of  the  tooth  follicle.  Phe  uncalcilied  e.xtremity  of  the  root 
is  slightly  deformed,  and  Hertwig’s  sheath  somewhat  displaced  upward 
and  into  the  pulp  tissue  (Jig.  <V).  .\bove  the  area  of  contact,  the  bone 
surface  is  covered  with  osteoclasts. 

.\  type  of  growth  injury  of  a  deciduous  tooth  in  which  possible 
occlusal  stress  and  growth  of  the  permanent  tooth  acted  jointly  as 
causative  factors  is  illustrated  in  figs.  and  10.  I'he  specimen  shows  a 
niesiodistal  section  through  the  mandibular  deciduous  canine,  first 
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deciduous  molar,  and  permanent  canine  germ  of  a  child  of  years 
of  age.  The  first  premolar  germ  is  not  yet  calcified;  it  lies  between  the 
roots  of  the  deciduous  molar.  The  distal  root  of  the  latter  is  straight 
and  normal.  The  apical  end  of  the  mesial  root,  however,  is  sharply 
curved  toward  the  distal  side.  A  higher  magnification  of  this  root 
end  (fi^.  10)  reveals  a  narrow,  compressed  periodontal  membrane  on 


Fio.  7  Fic;.  8 


Fio.  7.  Mesiodistal  section  through  a  lower  deciduous  first  incisor  (erupting)  and 
second  incisor  (unerupted).  .\ge,  9  months. 

Fig.  8.  Higher  magnification  of  area  marked  with  a  square  in  fig.  7  (root  end  of  second 
incisor).  P,  pulp;  D,  dentin  of  root  end;  HS,  Hertwig’s  sheath;  K.  bone;  H.  compressed, 
hyalinized  connective  tissue  between  root  and  bone;  vein. 


the  convex  side  of  the  curved  root  and  a  widened  periodontal  space 
on  the  upper,  concave  side.  Hertwig’s  sheath  is  deformed  similarly 
to  the  condition  already  shown  in  jig.  S.  This  deformity  of  the  root 
end  is  probably  the  combined  result  of  occlusal  pressure,  which  tends 
to  force  the  tooth  into  its  alveolus,  and  of  the  encroachment  of  the 
growing  permanent  tooth  germ. 
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COMMENTS 

The  growth  injuries  described  in  this  report  can  be  classified  into  3 
groups:  Injuries  of  the  intermaxillary  suture;  injuries  to  the  connec¬ 
tive  tissue  and  bone  surrounding  the  tooth  germ;  and  injuries  to  the 
tooth  germ  proper.  The  first  type,  injuries  to  the  suture  between  the 
maxillae,  can  be  explained  in  2  ways:  either  the  bones  forming  the 
suture  were  subjected  to  some  kind  of  shift  or  relative  displacement, 


I'u;.  y.  Mesiodistal  section  through  mandible  deciduous  (III)  and  permanent  (3) 
canine  and  first  deciduous  molar  (IV').  .Vge,  years. 

or  spicules  from  the  bones  grew  toward  each  other  at  the  expense  of 
the  intervening  connective  tissue. 

I'he  first  of  these  possibilities,  namely,  a  shifting  of  the  2  maxillary 
or  prema.xillary  bones  toward  each  other  or  parallel  to  each  other,  can 
be  assumed  as  a  result  of  external  traumatic  influence  or  of  uneven 
growth  of  the  halves  of  the  face  or  jaw.  The  second  possibility  is 
that  on  diametrically  opposite  sides  of  a  suture,  bone  grows  until  the 
space  between  the  two  is  greatly  reduced.  Normally,  apposition  of 
bone  along  the  suture  line  is  accompanied  by  resorption  or  by  moving 
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apart  of  the  bordering  bones,  so  that  the  normal  suture  relations  are 
maintained  (1).  If  either  the  bones  fail  to  move  apart,  or  if  bone 
grows  more  extensively  in  one  area  than  in  another,  the  opposing 
lx)ne  spicules  approach  each  other.  If  now  minute  movements  of  the 
bones  occur,  the  result  is  the  same  as  when  root  surface  and  bone 
come  in  contact,  compression  and  hyalinization  of  the  intervening  con¬ 
nective  tissue  (figs.  1  and  4).  Phis  compression  is  later  followed  by 


l  l*,.  10.  UifjluT  iiiajiiiirK  alioii  uf  the-  mesial  root  of  tlie  lirsl  deciduous  molar  shown  in 
fig.  'V.  I'.  pul|j;  I),  dentin  curved  at  the  root  end;  IE  hotie;  compressed  periodontal 

» fuinec  tive  tissue;  .t,  irerm  of  |K-rmanenl  cuspid. 


rejtair,  whit  h  is  initiated  by  undermining  resorption  of  the  bone  in  the 
area  of  connective  tissue  damage.  .\  similar  process  was  recently 
deiiKjnstrated  by  Hrodie  (2)  in  his  study  of  the  growth  of  the  skull. 
Sometimes  the  growing  bones  fail  to  move  apart  at  the  same  time. 
rh('  reason  for  this  is  unknown.  Subsetiuenl  examination  of  such 
indivitluals  shows  <oni|)lete  retovt'ry  and  reatljustment. 

'Pht;  second  type  of  injury  is  compression  of  the  connective  tissue 
between  the  unerupted  tooth  germ  and  the  wall  of  the  surrounding 
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bony  crypt.  Normally  the  bone  of  the  crypt  responds  to  an  increase 
in  the  size  of  the  tooth  germ  by  resorption.  In  this  way,  the  distance 
between  the  surface  of  the  enamel  organ,  or  later  of  the  tooth  germ, 
and  the  bone  remains  fairly  wide  and  uniform.  If  for  some  reason, 
while  the  tooth  germ  continues  to  grow,  any  area  of  the  crypt  fails  to 
respond  to  the  resorption,  then  the  space  between  bone  and  tooth 
germ  is  reduced,  and  finally  the  intervening  connective  tissue  in  a 
circumscribed  area  is  compressed  {figs.  6  and  8).  Ultimately  the 
outcome  is  probably  the  same  as  in  the  suture  injury,  namely,  under¬ 
mining  bone  resorption  and  restitution  of  the  normal  thickness  of  the 
periodontal  space. 

The  third  possibility  is  injury  to  the  tooth  germ  proper.  A  trauma¬ 
tic  deformation  of  Hertwig’s  sheath,  as  shown  in  fig.  8,  may  result  in  a 
minor  deformity  of  the  root,  and  possibly  also  of  the  crown,  if  it  occurs 
earlier  in  the  development  of  the  tooth.  A  similar  deformity  of  a 
deciduous  tooth  germ  can  be  caused  by  the  pressure  of  the  growing 
and  moving  germ  of  a  permanent  tooth,  especially  if  occlusal  pressure 
forces  the  deciduous  tooth  against  the  permanent  tooth  germ,  as 
shown  in  figs.  9  and  10.  Under  such  circumstances  traumatic  injuries 
may  also  be  found  in  permanent  tooth  germs  as  recently  shown  by 
Grimmer  (3). 

The  preemptive  changes  described  in  this  report  are  rather  uncom¬ 
mon,  having  been  found  only  in  a  few  of  many  jaws  examined. 
Moreover,  it  can  be  assumed  that  these  tissue  damages  are  usually 
repaired  and  the  normal  relations  restored,  as  evidenced  by  the 
observation  of  undermining  resorption  in  almost  every  instance  of 
injury.  The  only  possible  persisting  damage  may  be  abnormal¬ 
ities  in  the  configuration  of  the  root,  such  as  indentations  in 
the  root  surface  or  deflections  of  the  dentino-cemental  junction. 
Diamond  (4)  has  suggested  this  in  his  discussion  of  the  factors  which 
may  be  responsible  for  acquired  variations  in  the  shape  and  size  of 
teeth.  He  mentions  intraosseous  pressure  as  a  possible  mechanical 
interference  during  the  developmental  period. 

SUMMARY 

Histologic  examination  of  jaws  from  intrauterine  life  to  several 
years  of  age  revealed  in  several  instances  traumatic  changes  between 
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adjoining  bones  of  sutures,  and  between  the  tooth  germs  and  their 
bony  crypts.  As  explanation  of  such  pathologic  occurrences,  uneven 
growth  of  opposing  hard  tissues  and  minor  shifts  of  the  growing  parts 
was  assumed.  There  are  indications  that  these  traumatic  conditions 
usually  are  repaired,  with  the  possible  exception  of  changes  affecting 
the  normal  contour  of  the  growing  root. 
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.\N  EVALUATION  OF  ROOT  RESORPTION  OCCURRING 
DURING  ORTHODONTIC  TREATMENT^ 


CHARLES  E.  RUDOLPH,  D.D.S. 

Division  of  Dental  Research  and  Graduate  Education,  University  cf  Minnesota, 
Minneapolis,  Minn. 

Since  we  believe  that,  other  things  being  equal,  root  resorption  will 
occur  more  frequently  in  patients  treated  orthodontically  than  in 
individuals  who  have  not  received  orthodontic  treatment,  it  has  been 
our  aim  to  discover  if  this  belief  is  based  upon  fact  and,  if  so,  to  what 
extent  this  premise  can  be  applied  for  the  purpose  of  prognosticating 
root  resorption. 

Stimulus  to  this  investigation  was  given  by  Ketcham  who  urged 
“all  orthodontists  to  secure  accurate  radiographic  surveys  of  all  cases 
before  treatment,  and  to  recheck  them  often,  compiling  results  so  that 
many  accurate  data  may  be  secured”  (1). 

.A  preliminary  report  was  made  in  1936  of  the  incidence  of  root  re¬ 
sorption  developing  in  patients  receiving  orthodontic  treatment  in  the 
undergraduate  clinic  in  the  School  of  Dentistry  of  the  University  of 
Minnesota  (2).  Serial  roentgenograms  of  439  orthodontic  patients, 
whose  ages  ranged  from  7  to  21  years,  were  studied.  None  of  these 
patients  showed  any  evidence  of  root  resorption  before  orthodontic 
treatment  was  instituted.  At  the  end  of  the  first  year  of  treatment, 
49  per  cent  of  the  439  patients  showed  root  resorption;  and  at  the  end 
of  two  years  of  treatment,  75  per  cent  of  the  remaining  277  patients 
demonstrated  root  resorption. 

For  purposes  of  comparison  the  roentgenograms  of  4,560  patients 
with  no  history  of  orthodontic  treatment  were  studied.  The  individ¬ 
uals  in  this  group  ranged  in  age  from  7  to  79  years,  and  the  incidence 
of  root  resorption  in  this  group  was  13  per  cent.  However,  when  the 
739  patients  ranging  from  7  to  21  years  of  age,  the  age  group  compa- 

'  Read  at  the  18th  General  Meeting  of  the  International  Association  for  Dental  Re¬ 
search,  PhiUdelphU,  Pa.,  March  11-14, 1940  (/.  D.  Res.  19: 295, 1940). 
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rable  to  that  of  the  orthodontic  patients,  were  segregated  38,  or  5  per 
cent,  demonstrated  root  resorption.  All  of  these  38  patients  were 
over  13  years  of  age.  In  other  words,  of  the  739  cases  with  no  history 
of  orthodontic  treatment,  no  patient  13  years  of  age,  or  under,  showed 
root  resorption. 

In  the  study  of  the  relationship  between  orthodontic  treatment  and 
root  resorption  a  number  of  related  factors  must  be  considered.  The 
most  important  of  these,  in  our  opinion,  are  age  at  onset  of  treatment, 
duration  of  treatment,  and,  possibly,  sex.  It  has  been  possible  to 
ascertain  these  factors,  together  with  the  radiographic  examinations, 
from  the  records  of  513  orthodontic  patients  treated  in  the  under- 

TABLE  I 


Percent  incidence  of  root  resorption  with  duration  of  treatment 


AGK  AT 
ADMISSION 

HUMBZK 

TUATZD 

TEAKS  FOLLOWED 

1 

2 

3 

4 

5 

6 

7 

Up  to  8 

46 

4 

16 

39 

57 

94 

100 

100 

9  Years 

47 

6 

30 

66 

86 

94 

97 

100 

10  “ 

71 

25 

57 

79 

98 

100 

100 

100 

11  “ 

90 

39 

75 

93 

100 

100 

100 

100 

12  » 

no 

49 

81 

97 

99 

100 

100 

100 

13  “ 

76 

61 

93 

97 

99 

100 

100 

100 

14  “ 

38 

63 

95 

100 

100 

100 

100 

100 

15  » 

21 

67 

89 

100 

100 

100 

100 

100 

16  and  over 

14 

57 

100 

100 

100 

100 

100 

100 

Data  from  Undergraduate  Orthodontic  Clinic,  School  of  Dentistry,  University  of 
Minnesota. 


graduate  clinic  of  the  School  of  Dentistry  of  the  University  of  Minne¬ 
sota  from  January  1928  to  January  1940.  Of  the  513  patients,  219 
were  male  and  294  were  female.  Dental  roentgenograms  were  ob¬ 
tained  before  orthodontic  treatment  was  started  and  at  approximately 
one  year  intervals  during  the  course  of  treatment.  These  films  were 
analyzed  for  the  occurrence  of  root  resorption  by  members  of  the 
orthodontics  staff.  No  orthodontic  patient  has  been  excluded  from 
the  study  for  any  reason  other  than  incomplete  roentgenological  data. 
The  type  of  orthodontic  treatment  as  carried  out  by  the  under¬ 
graduate  student  in  this  clinic  consists  of  a  labial  arch  appliance  with 
fixed  abutment  attachments  and  bands  with  ligatures  on  other  teeth 
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needing  correction.  Adjustments  to  this  appliance  were  made  at 
weekly  intervals. 

The  data  thus  collected  was  divided  according  to  sex  and  age  at 
onset  of  treatment  and  the  incidence  of  root  resorption  relative  to  the 
duration  of  treatment  was  tabulated.  The  accumulative  data  was 
arranged  in  tables  and  the  per  cent  incidence  of  root  resorption  was 
computed.  In  the  use  of  accumulative  data  it  is  rightly  assumed 
that  once  root  resorption  has  occurred,  loss  of  tissue  is  permanent. 

ROOT  RESORPTION  CURVES  BY  AGE  AT  START  OF  TREATMENT 


Dote  from  Undtrero^sofo  Orthodonf/c  Chru^  School  of  OonhBfr^,  Umrorsitjf  of  Mmnoooto 

Fic.  1 


In  Table  I  it  is  clearly  demonstrated  that  per  cent  incidence  of 
root  resorption  progresses  with  each  year  of  treatment  and  with  in¬ 
creased  age  at  onset  of  treatment.  For  e.xample,  in  the  group  of  47 
patients  who  were  9  years  of  age  at  the  onset  of  treatment,  the  per 
cent  incidence  of  root  resorption  for  each  successive  year  of  treatment 
is  6,  30,  66,  86,  94,  97,  and  100  respectively.  In  contrast  to  this  9 
year  old  group,  the  per  cent  incidence  of  root  resorption  for  each 
successive  year  of  treatment  in  the  110  patients  in  the  12  year  old 
group  is  49,  81,  97,  99,  and  100.  Thus,  in  the  12  year  old  group  it 
would  be  expected  that  evidence  of  root  resorption  would  appear  at  a 
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point  which  is  considerably  earlier  in  the  treatment  than  in  the  case  of 
the  9  year  old  group.  Still  earlier  evidence  of  root  resorption  is  found 
in  the  group  of  21  patients  who  were  15  years  of  age  at  the  onset  of 
treatment.  This  is  shown  in  Table  I  as  67,  89,  and  100  per  cent  re¬ 
spectively  for  each  succeeding  year  of  treatment. 

TABLE  n 


Percent  incidence  of  root  resorption  with  duration  of  treatment 


AGE  AT 

NUICBEE 

YEAES  FOLLOWED 

1 

1  2  1  3  1  .  1  5 

1 

1  ^ 

Male 

Up 

to  8 

4 

11 

27 

45 

86 

100 

100 

9  Years 

0 

mm 

47 

79 

86 

92 

100 

10 

it 

27 

19 

WM 

63 

94 

100 

100 

100 

11 

U 

35 

29 

71 

96 

100 

100 

100 

100 

12 

ii 

48 

38 

75 

95 

97 

100 

100 

100 

13 

u 

31 

68 

90 

96 

% 

100 

100 

100 

14 

ii 
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Data  from  Undergraduate  Orthodontic  Clinic,  School  of  Dentistry,  University  of 
Minnesota. 


Fig.  1  shows  the  per  cent  incidence  of  root  resorption  in  the  513 
orthodontic  patients  grouped  according  to  age  as  follows:  6  to  9,  10 
and  11,  12  and  13,  and  14  and  over.  We  observe  that  50  per  cent  of 
the  patients  in  each  group  may  be  expected  to  demonstrate  the 
phenomena  after  3  years  of  treatment,  1|  years  of  treatment,  1 
year  of  treatment,  and  before  the  end  of  the  first  year  of  treatment 
respectively. 
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Due  to  the  small  number  of  cases  in  each  age  group,  statistical 
methods  for  determining  sex  differences  were  not  employed.  Table 
II  shows  per  cent  incidence  of  root  resorption  according  to  sex,  age  at 
onset  of  treatment,  and  duration  of  treatment. 

SUMMARY 

From  the  data  which  has  been  obtained  from  the  study  of  513 
patients  receiving  orthodontic  treatment  in  the  undergraduate  clinic 
it  is  apparent  that  such  treatment  is  less  hazardous  to  the  root  struc¬ 
tures  when  it  is  initiated  at  an  early  age.  Moreover,  the  younger  the 
patient  at  the  onset  of  treatment,  the  more  prolonged  can  the  treat¬ 
ment  be  without  permanent  loss  of  root  tip  structure. 

Grateful  acknowledgement  is  given  to  Dr.  Alan  £.  Treloar,  Department  of  Preventive 
Medicine  and  Public  Health,  University  of  Minnesota  for  his  valued  suggestions  and 
assistance  in  the  treatment  of  the  data  and  to  Dr.  Charlotte  Fisk,  Division  of  Dental 
Research  and  Graduate  Education,  University  of  Minnesota  for  her  cooperation. 
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THE  EFFECTS  OF  APPLICATION  OF  VITAMIN  D  TO 
DENTIN  IN  DOGS» 


P.  S.  FAILLO,  D.D.S.,  and  C.  I.  REED,  Ph.D. 

With  the  technical  assistance  or  J.  Feldman  and  T.  R.  Sherkod 
Department  of  Physiology,  University  of  Illinois,  Chicago,  III. 

The  investigations  upon  which  this  paper  is  based  were  prompted 
by  a  report  by  Weinmann  (1)  that  the  application  of  vitamin  D  to 
cavities  prepared  in  the  teeth  of  dogs  produced  secondary  dentin. 

The  relation  of  vitamin  D  to  dental  health  has  been  the  subject  of 
lively  controversy.  The  literature  was  recently  reviewed  by  Mellanby 
and  King  (2),  who  believe  that  the  problem  of  dental  caries  and  peri¬ 
dental  disease  is  fundamentally  a  problem  of  nutrition  and  that  the 
tooth  structure,  as  conditioned  by  nutrition,  is  of  primary  importance 
in  immunity  or  susceptibility  to  caries.  Fish  (3),  on  the  other  hand, 
reported  that  high  supplements  of  vitamin  D  and  calcium  carbonate 
fed  to  dogs  did  not  increase  the  calcium  content  of  the  dentin,  although 
there  was  increased  opacity  of  bones  to  x-rays,  indicating  that  the 
treatment  did  increase  the  calcium  content  of  those  tissues  able  to 
receive  it.  Dentin  appears,  then,  to  be  devoid  of  a  mechanism  by 
which  calcium  may  be  deposited  or  withdrawn. 

Fish  further  called  attention  to  the  fact  that: 

“when  calcium  salts  are  deposited  in  the  dentin  in  the  form  of  translucent  zones  in  response 
to  local  injury,  they  occupy  the  lumina  of  the  tubules  and  block  them  off;  they  are  not 
ucoiporated  in  the  matrix.  Similarly  the  slight  increase  in  calcium  content  observed  in 
human  teeth  in  the  first  few  years  after  eruption  is  associated  with  an  anatomical  reduction 
in  the  diameter  of  the  tubule. 

“The  suggestion  that  the  exhibition  of  vitamin  D  affects  the  incidence  and  progress  of 
caries,  appears  to  rest  on  two  assumptions:  1.  That  the  exhibition  of  the  vitamin  will 
increase  the  calcium  content  of  the  dentin.  2.  That  an  increased  calcium  content  of  the 
dentin  will  prevent  caries.” 


‘  This  investigation  was  supported  in  part  by  a  grant  from  the  Nutrition  Research 
Laboratories.  Part  of  the  material  used  was  supplied  by  this  firm  and  part  by  Mead 
Johnson  Company. 
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Mellanby  selected  the  dog  as  an  exp)erimental  animal,  largely  be¬ 
cause  it  could  maintain  good  health  under  laboratory  conditions  and 
because  the  omnivorous  diet  closely  resembles  that  of  man.  The 
objections  to  this  animal  as  a  subject  for  this  type  of  experiment  are 
that  its  denture  is  unlike  that  of  man  and  caries  is  not  commonly 
found.  While  the  monkey  would  have  been  more  suitable  for  over¬ 
coming  these  objections,  its  diet  is  vegetarian.  Thus  the  dog,  adopt¬ 
ing  human  diet,  is  relatively  immune  to  caries  while  in  the  native  state. 

The  conflicting  evidence  serves  to  emphasize  the  complexity  of  the 
problem  so  that  it  is  not  germain  to  the  present  discussion  to  review 
further  the  literature  except  to  call  attention  to  the  report  by  Van 
Huysen  and  Gurley  (4)  in  which  these  authors  contended  that  the 
process  of  cutting  a  cavity,  the  depth  thereof,  and  the  length  of  time 
it  had  existed  affected  the  histological  appearance  of  the  pulp  tissues, 
the  predentin  layer,  the  odontoblastic  layer  and  the  deposits  of 
secondary  dentin.  These  observations  serve  to  emphasize  the  pos¬ 
sibility  that  Weinmann  may  have  misinterpreted  the  conditions 
actually  observed. 

EXPERIMENTAL  PROCEDURE 

Particular  care  was  exercised  in  selecting  healthy,  young  adult  dogs  with  well-formed, 
fully  developed  teeth.  After  anesthetization  with  nembutal,  cavities  were  prepared 
with  a  dental  drill  in  the  gingival  third  of  the  labial  surfaces  of  both  maxillary  and  man¬ 
dibular  incisors.  The  cavities  were  extended  well  down  into  the  dentin. 

Half  of  the  cavities  were  treated,  the  other  half  serving  as  controls.  Over  100  cavities 
were  prepared  in  15  dogs.  Part  of  the  control  cavities  were  left  open,  others  were  packed 
with  inactive  ergosterol  and  sealed  with  dental  cement  (zinc  phosphate),  and  others  were 
sealed  with  cement  without  any  treatment. 

The  experimental  cavities  were  sealed  with  cement  after  packing  with  activated  ergos¬ 
terol  in  varying  dosages.  Dry  crystalline  material  was  used  in  some,  in  others  a  con¬ 
centrated  ether  solution  of  calciferol  was  placed  in  the  cavity  and  the  ether  allowed  to 
evaporate.  In  units  of  vitamin  D  the  dosages  per  dog  ranged  from  10,000  units  to  500,000 
units.  The  after  period  varied  from  4  to  6  months,  at  the  expiration  of  which  the  animals 
were  killed  by  intracardiac  injection  of  ether.  The  jaws  were  preserved  in  formalin  for 
histological  examination. 

Samples  of  12  organs  were  taken  from  most  of  the  animals  for  determination  of  the 
calcium  and  phosphorus  content.  The  blood  calcium  was  followed  in  a  number  of  animals. 

In  the  earlier  experiments  the  conception  of  the  problem  was  so 
conditioned  by  Weinmann’s  findings  that  the  possibility  of  anything 
other  than  a  local  action  of  the  vitamin  was  not  taken  into  account. 
It  was  only  after  a  chance  observation  on  a  blood  sample  revealed 
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hypercalcemia  of  15.(K)  mg.  per  UX)  cc.  that  it  was  realized  that  the 
vitamin  was  being  absorbed  and  exerting  a  systemic  effect  just  as 
when  fed  or  injected. 

I'he  physiological  and  pathological  actions  of  \itamin  D  have  been 
discussed  elsewhere  (5)  in  much  greater  detail  than  is  possible  in  this 
pajH'r.  It  is  only  necessary  here  to  call  attention  to  the  fact,  now  well 
established,  that  this  vitamin  in  any  form  can  be  readily  absorbed  from 
any  site. 

I'he  variable  behav’ior  of  the  calcemia  in  the  two  dogs  is  in  line  with 
that  observed  in  all  others  hence  only  two  protocols  are  included  in 
Table  I.  'The  picture  is  consistent  with  that  observed  in  any  animal 
heavily  l)-vitaminized.  The  calcemic  level  will  fluctuate  unaccount¬ 
ably  over  a  long  period.  The  low  initial  calcemia  is  not  infrequently 
observeil  in  dogs  received  from  the  pound  and  is  a  condition  which  is 
only  slowly  corrected  in  the  institutional  kennels  unless  special  treat¬ 
ment  is  instituted.  Dogs  that  have  been  D-vitaminized  recover 
normal  calcemia  very  slowly.  I’he  slow  development  of  hyper¬ 
calcemia  is  comprehensible  when  one  realizes  that,  regardless  of  the 
state  in  which  the  vitamin  was  put  into  the  cavity,  it  was  in  solid  form 
when  finally  sealed  in.  Therefore,  to  become  effective  systemically 
it  must  be  dissolved  by  some  agency  and  carried  through  the  tubules 
to  the  pulp  cavity.  This  was  a  rather  surprising  result. 

The  calcemic  changes  would  not  be  so  striking,  taken  alone.  But 
with  the  analyses  of  tissues  for  content  of  calcium,  when  comparei-l  to 
values  for  normal  dogs  previously  obtained  in  this  laboratory  f5)  show 
that  there  was  a  general  tendency  to  an  increase  in  calcium.  This 
was  not  consistently  observed  in  every  tissue  but  the  values  tendeil 
he  higher.  The  results  for  tlu*  two  dogs  in  Table  I  are  shown  in  Table 
11  The  others  are  omitted  to  conserve  space.  For  c«.>mparison  mean 
normal  values  are  iiu  Indeil. 

Bearing  in  mind  the  pos^ible  variability  of  the  absorption  of  the 
vitamin  from  dmital  lavities,  toi>  much  stress  should  not  be  laid 
on  quantitative  differeiues  among  the  animals.  In  general,  they 
all  behaved  systemii  all\’  like  animals  receiving  a  mikl  over«.k»sc  of 
vitamin  D. 

There  was  commonly  degeneration  i>f  the  pulp  in  all  treated  teeth, 
but  thi>>  ciuild  not  be  unrelated  i[nantitati\ ely  with  the  ik>se  of  vita- 
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min  I),  so  its  significance  is  open  to  question.  The  most  important 
observation,  however,  was  that  in  all  preparations,  whether  control  or 


TABLE  I 


Blood  ciilchun  and  inorganic  phosphorus 
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4.2 

189th  “  . 

Killed 

treated,  there  were  layers  of  secondary  dentin  deposited  on  the  wall  of 
the  pulp  cavity  opposite  the  prepared  cavity  ijigs.  14).  In  many 
cases  this  was  thicker  and  longer  in  the  control  teeth  than  in  those 


I’ll'..  1.  tVnunt  Control,  Xo.  .U02.  Doj;  (Xl5'l.  ilays.  A,  secondar> 

I'a'ntin  layer;  H,  dentin;  (',  cavit\ ;  D.  pulp  chanilH-r;  K,  remnants  of  pulp. 

I'lc..  2.  Cement  control,  X'o.  .Utt7.  lK>s  tiH)th  tX151,  P)1  days.  A,  secondary  dentin 
layer;  It,  dentin;  C,  cavity;  1),  pulp  chamlH-r;  K,  remnants  of  pulp. 

Fic..  d.  Irradiated  Krf'osterol,  Xo.  .'4(K).  t(K>th  tX131.  l‘)l  days.  secondare 

dentin  layer;  It,  dentin;  cavity;  I),  pulp  chamln-r;  K,  remnants  t*f  pulp. 

l''ic..  4.  Irradiated  Kr^osterol,  Xo.  ,t406.  Itoj;  tcnith  tX22.5'),  Idl  days.  .\.  sec¬ 
ondary  dentin  layer;  It,  dentin;  C',  cavity;  D,  pulp  chamlK-r;  K,  remnants  of  pulp. 
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treated.  Therefore,  the  deposits  of  secondary  dentin  observed  in  all 
preparations  were  formed  as  a  result  either  of  the  stimulus  of  the  cavity 
preparations  or  of  the  cementing  material  and  not  by  the  local  cal¬ 
cifying  action  of  the  vitamin  I).  There  is  much  evidence  in  the  lit¬ 
erature  that  either  zinc  phosphate  cement  alone,  cavity  preparation 
alone  or  a  combination  of  these  mav  stimulate  the  formation  of 


TABLE  II 

Ciilciiim  content  of  tissues 
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U  2 
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15 

Th\roid 

270 

190 

KW 

’  .\11  valuet  in  mgin.  j>er  10<J  ^ms.  of  dr)  tissue. 

secondary  dentin.  'I'hese  limlings  sup|)ort  the  views  of  \’an  lluysen 
and  (iurley,  but  do  not  cttnlirm  tho.se  of  Weinmann. 

The  topical  aj>j)licalion  of  vitamin  1)  in  prejtared  cavities  in  the 
teeth  of  healthy  dogs  results  in  systemic  el'fet  ts  matiifested  by  hyper¬ 
calcemia  and  hyi>er<al(ia  in  soft  tissues. 

J>epo.sits  of  secomlary  <ientin  are  as  readily  forme<l  on  the  wall  of 
the  jjulp  (avily  in  (<jntrol  teeth  as  in  th»)se  treated  with  vitamin  1). 
t  herefore,  thest.'  deposits  are  not  due,  as  Weinmann  thought,  to  a 
loc  al  <  ah  ifying  effec  t  cjf  the  vitamin. 

Tiif  hisl'ilogkal  jcrcparatiijiis  were  made  l>)  itie  late  l)r.  K.  Kroi.leld  <»f  The  I'ltundalinn 
fur  Denial  Research  of  the  (  hiiagu  ('ullejre  of  llental  Sur)ier),  and  we  wish  lo  acknowl- 
e<ige  uur  deejj  appreciatiun  of  his  ( (jui>eraUijn. 
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THK  kffp:ct  of  castration  and  hypophvsectomv 

ON  THE  GINGIVAE  AND  ORAL  MUCOUS 
MEMBRANES  OF  RHESUS  MONKEYS^ 


DANIEL  E.  ZISKIN,  D.D.S.,  and  S.  N.  BLACKBERG,  Fh.D.,  M.D.* 

School  of  Dental  and  Oral  Surgery  and  Department  of  Pharmacology,  Columbia  University, 

AVii'  York.  .V.  r. 

rhe  material  for  this  report  is  taken  from  studies  on  3  groups  of 
rhesus  monkeys.  Group  I  consists  of  10  normal  female  monkeys  of 
different  ages  and  weights  from  which  sections  of  gingival  tissue  were 
taken  previous  to  any  experiments.  This  represents  the  normal  con¬ 
trol  series.  Group  II  consists  of  7  monkeys  4  females  and  3  males. 
These  animals  were  castrated  and  subsequently  observed  over  varying 
periods  of  time  before  autopsy.  No  treatment  other  than  castration 
was  given.  Group  III  consists  of  5  hypophysectomized  female 
monkeys.  No  treatment  other  than  the  hypophysectomy  was  given. 

METHOD 

III  the  control  group  (I),  the  monkeys  were  anesthetized  with  ether  and  an  interdental 
papilla  was  excised  from  each.  Both  alveolar  and  areolar  gingivae  were  included  in  the 
hiopsy  (Table  1).  In  the  castrate  group  (ID,  large  sections  of  alveolar  and  areolar 
gingivae,  as  well  as  sections  from  the  mucous  membrane  of  the  cheek,  were  taken  at 
autopsy  (Table  If,  .\  and  B).  In  the  hyjviphysectomized  group  (III),  the  heads  were 
preservetl  in  formalin  for  several  weeks  before  removal  of  the  tissues  (Table  II,  C).  The 
tissues  were  prepared  for  study  by  fixation  in  Bonin’s  solution,  with  clearing  in  the  usual 
way.  They  were  then  emliedded  in  paralVin  and  sc'ctioned.  II&E  and  Masson’s  tri¬ 
chrome  stains  were  used  in  all  cases.  The  sections  were  cut  longitudinally  from  labial 
to  lingual  aspect  of  each  interdental  papilla. 

DESGRIFTIOX  OE  MIC’ROSt'OriC'  AriM'.ARANC’E  UK  TISSUE  IN  NORMAL 
CONTROL  GROUP  (10  ANT.MALS) 

These  monkeys  were  untreated  prior  to  the  taking  of  gingival 
scTtions.  'The  tissue  as  a  whole  stained  deeply  and.  for  the  most  part, 
uniformly. 

'  Read  at  The  18th  General  Meeting  of  the  International  .Vss<K'iation  for  Dental  Re¬ 
search.  Philadelphia.  Pa..  .March  LM4,  1040  (J.  D.  Kes.  19:  .126.  1040). 

-  Now  at  University  of  .\rkansas.  School  of  Me<licine,  Little  Rink,  .\rk. 
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The  Ahcolar  Giu^iiac:  The  keratin  layer,  although  thin  in  some 
animals  and  thick  in  others,  was  delinite.  Granulosa  cells  seen  in 
human  gingivae  were  absent.  Some  elongated,  horizontally  arranged 
cells  were  seen  near  the  surface,  but  these  did  not  resemble  granulosa 
cells.  The  prickle  cell  layer  was  generally  compact  and  well  formed 
with  uniform  vesicular  nuclei.  Intercellular  bridges  were  numerous 
and  prominent.  The  basal  cell  layer  appeared  well  formed  and  even, 
with  1  to  4  mitotic  hgures  (sometimes  more)  in  a  section.  Most  of  the 
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lA'grtf  of  lhkktif«  of  kc-raliii  la>«.'r  fnjrn:  0  =  lo  =  lu-:ivy  keratin 

ia\er.  Method  of  identifying  ija].»illa:  Ixtweeti  eeiitrals  eentral  papilla;  U-tween  eeiitral 
arid  lateral  ^  1 ,  tx.-t\\een  lateral  and  eu^jjid  ^  2;  etc. 

pointed.  Jn  the  stroma  the  bhto<l  vessels  were  iKjrmal  with  the  e.x- 
(.eption  of  occasional  lields  of  ( ongestiern.  Slight  areas  of  inllamma- 
lory  exudate  were  .seen  tiear  the  tip  in  nurst  <  ases. 

Tin  Areolar  (jingkat:  The  keratin  layer  was  absent.  In  1  of  the 
10  animals  small  areas  (A  keratin  were  seen  but  these  did  not  constitute 
a  delinite  la>er.  (rranulosa  cells  were  not  seen.  'The  prickle  cell 
layer  was  ccjmjjact  in  the  regicBi  Jiearest  the  alveolar  gingivae,  but  at 
higher  levels.  ajjpr<ja<  hing  the  muc  u  buc  <  al  fc>ld,  it  bee  aine  |c>ose,  with 
large  vari  sizeci  vesic  ular  nuc  lei.  'I  tu-  ijiten  ellular  briclges  were  juA 
well  delined.  'J  lie  basal  layer  was  usually  well  fciiim-d  ami  even, 
simwing  fewer  mitcjtic  ligures  than  the  alvecilar  gingivae.  'The  epithel- 
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ial  peg  pattern  also  dilTered  from  that  of  the  alveolar  gingivae  in  that 
the  pegs  were  broader,  shorter,  and  rounded  in  such  a  way  as  to  give 
the  whole  the  appearance  of  a  scalloped  border.  Some  areas  appeared 
flat  and  showed  no  pegs  at  all.  In  the  stroma,  the  blood  vessels  were 
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IViirci-  111  thii  1)1  kt-ralii)  la\«T  fri>iii:  I*  —  li*  r  r-r  =  hvav>  kcriitin 

!a>).r.  Mi  iIiimI  oI  i»lriilil\  iii^  papilki  Bt  lwci  ii  n  iUraU  viiural  ivipill.i;  Ulwccii  central 
anil  lateral  ^  I,  Belween  Literal  aiul  iii>|)iil  etc. 

normal,  with  the  exieption  ol  ot  ca>ional  tielvU  ».»f  congestitm.  In 
flanunattny  extidate  \\a^  rarely  seen. 

UESCKU'l  lO.\  t»l  .MIl'UOM'OPIl'  \l‘Pi:  VK  Wl'I  t»E  llSslE  l\  CXslKMK 
i.kOl  I*  v7  VMM  \l  S' 

I'lif  /  lu  pnalfs: 

1  he  ti^^ue  a?>  it  whole  diil  not  ?)tain  as  deeply  uv»r  a>  exe‘nl_\  a>  the’ 
normal  tissue,  tind  assumed  a  grevish  la\eiuler  coK»r.  Ni»lewoiThx 
\va>  the  tendeney  ol  the  epithelial  tis>ue  to  iragntenl  ami  strip  oil 
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in  Sectioning.  The  stripping  oil  occurred  often  as  a  separation  of  the 
upper  layers  of  the  epithelium  from  the  basal  layer  or  across  the  center 
of  the  tissue.  Most  of  the  stripping  took  place  in  the  areolar  gingivae 
and  the  upper  layer  was  frequently  lost  in  sectioning.  This  degenera¬ 
tion  >eemed  to  be  more  acute  in  the  long-time  castrates  (  /fj?.  /). 

Tiu  Aheolar  Ginaiiae:  In  some  cases  the  keratin  layer  was  definite, 
well  formed,  but  thin;  in  others,  keratin  was  seen  only  in  spots  with 
no  definite  layer  formation.  Granulosa  cells  were  absent  here  as  in 


i  Je.  ]  MV  *  .i  '  (.oiiiplelf  n-nimali  47  <la>s,  .No  other 

'  rciitijiti.l  SliOA;  ctiieii;.  'triijpiii}'  off  lA  'urfa«e  <'|>ittii-liutii.  I'fiis  teiuieiuy,  while 
■  aritfan.  aj.(jxare(i  oiil\  in  female  <  a-lrale-)  ami  fis  po|»h\ -.ei  loini/e<l  animals. 

(i'’ie<-i  '  •  i.eet:  XT' 

the  ontroJ  grouj>.  1  he  j>ri(  kle  (cll  la\er  'bowed  inarke*!  alteration 
'  i  Jii=tea<i  ol  the  lypital  horizontal  arrangeinent ,  the  tells 
were  ■  ojumnar  like  in  '.haj>e-  and  tli'.jro.ied  in  vertical  rows.  The 
cJisajjjxaranc  e  fji  ijudei  wa.',  noted  frec^uently  and  in  some  instanc  es 
the  tissue  ].iresc;nte<j  a  iijcjth  c-aten  asj>ec  l  (probably  lysis  c>|  the 
eijs  i  Intercellular  bri<lgts  were  prciHiinent.  The  basal 

ell  la;. er  was  n'.it  a=  sharjhy  deiuarc  atc-ci  as  iii  the  tontrol  grcjuji. 
1  fie  'iv..<  lei  were  sUialler  thaij  nc>rnjal  aiicl  hyjA  rc  hrcanalic  .  .Mitersis 
was  not  inaiKecjl)  allere<j.  I  hec  jhthelial  jx  gs  we  re  irre  gular  both  as 
t,'.!  .'ize  ai.d  shajA.  s'^nte  be  ing  j>oiiilc d  aiicl  s<ane  rc/uiiclecl,  while  elc»nga- 
tion  v.as  geijeral. 


I 
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ru;.  2  MN  l  V  t '.I'.l oiliii  lUMiuu'iit  i,'  Sho«-  i.hicii> 

jltcrt^l  attaiiKciiii'iil  «>(  iiiiikli'  i  iii  aiul  la  wriical 

Lv'wcr  riiilil  «J|ia|iilla  li>\\  jiowci  aUtdlai  mii^ua' 

Ku'.  .V  M\  *  J.VI  V  (  'a^llal^•ll  J  IO  Oa\>  Ni>  tivaiuuai  Shi.'U'.  vh:v.!> 

tiH'th  vMtni  a|>|H-ai.iii(  r  ol  ixuliim-  i>l  ^viii-iaU.'n  ti^hl  >- 

papilla  au-iilai  I'liipiN.i  X  •'■HI' 


iir;uuilar  I'lu*  liUMal  n-ll  laM  i  \\a>  iiol  a.-^  >l»an*l>  vloiiuiivauxl  a>  ui 
the  ei»tUrol  uniiip  I'lu-  epil lu'luil  wen-  >lu'rU'i  lhau  in  the 

alvev'lai  gingivae,  aiul  innu-  llalleiual  atnl  ouinvlevl  I  he  whole 
epithelial  laNei  \\a^  ihiimei  In  one  Mvlion  v>^l  toiinUion.'.  weie 
•sen  in  the  oiii  kle  tell  la>ei 


The  Areolar  Gingivae:  Keratin  and  granulosa  cells  were  absent. 
Xear  the  surface  the  prickle  cells  appearerl  larger  and  flatter  than  in 
the  deeper  portion  of  tissue.  The  prominent  intercellular  bridges  and 
arrangement  of  cells  in  vertical  rows  in  the  deeper  layers  resembleti 
closely  those  seen  in  the  alveolar  gingivae.  The  cytoplasm  appeared 
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In  the  stroma  of  both  alveolar  and  areolar  gingivae,  the  blood  vessels 
were  not  much  changed ;  more  inflammatory  exudate  was  seen  near  the 
crest  of  the  interdental  papilla  than  elsewhere.  The  collagen  ap¬ 
peared  stringy  and  loose;  it  stained  more  faintly  than  normal  but  the 
alteration  was  not  impressive. 

The  3  Males: 

The  tissue  as  a  whole  took  a  bright  eosin  stain.  The  keratin  layer 
was  definite  and  well  formed,  extending  as  a  definite  layer  on  the 
areolar  gingivae  as  well  as  on  the  alveolar  gingivae.  Underneath  the 
keratin  in  both  gingivae,  there  was  a  zone  of  parakeratosis.  The 
prickle  cell  layer  was  fairly  normal  in  appearance,  although  in  some 
areas  a  vertical  arrangement  of  the  cells,  characteristic  of  the  female 
castrates,  was  seen  (fig.  4).  The  basal  cell  layer  appeared  normal. 
The  epithelial  pegs  were  somewhat  pointed  but  not  markedly  so. 
Kpithelial  pearls  and  curls  were  seen. 

There  were  no  outstanding  changes  in  the  stroma,  the  blood  vessels 
appearing  normal,  and  inflammatory  reactions  not  as  marked  as  in 
the  female  castrate  series.  The  most  noteworthy  change  was  the 
tendency  toward  hyperkeratinization  (figs.  5  and  6). 

DESCRIPTION  01  MICROSCOI'IC  AI'PE ARA.NCE  OE  TISSUE  I.N  IIVI'OI'IIV- 
SECTOMIZED  (ikOUl*  (.S  ANEMALS) 

I'he  tissue  as  a  whole  took  a  faint  greyish  lavender  stain.  Keratin 
was  present  in  spots  on  the  alveolar  gingivae  but  was  for  the  most  part 
absent.  I'here  was  none  on  the  areolar  gingivae,  (iranulosa  cells 
were  absent.  I'he  jirickle  cell  layer  showed  marked  evidence  of 
degeneration.  1  he  cells  apj)eared  irregular  in  size  and  shape;  vacuol¬ 
ization  was  seen  in  both  the  cytojilasm  and  nuclei,  d'he  intercellular 
bri<lges  were  poorly  preserved.  'I'he  tissue  stripped  off  easily  and 
much  of  it  was  lost  in  sectioning. 

In  4  of  the  .S  monkeys  studied,  most  of  the  su|)erficial  ej)idermal 
layers  were  missing  and  only  the  basal  cell  layer  and  a  few  layers  of 
prickle  cells  remained.  In  some  of  the  better  preserved  sections,  the 
vertical  arrangement  of  the  j)rickle  cells,  characteristic  of  the  female 
castrate  group,  could  be  seen  (  fig.  7).  'I'he  peg  j)attern  was  not 
as  pointed  as  in  the  female  castrate  grouj),  but  rounded  or  scallojK-'d. 
I'he  collagen  took  a  fainter  stain  than  the  normal  group.  I'here  were 
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no  significant  differences  in  the  blood  vessels,  inflammatory  reactions 
or  mitosis  to  account  for  the  extreme  changes  noted.  The  evidences 
of  tissue  degeneration  (  fig.  S)  were  more  marked  in  the  hypophy- 


I'U..  4.  .M\  *280  d'  ('astratfO,  15.^  days.  No  t>thtr  treatment.  Shows  ehietly 

castrate  pattern.  Note  similarit.\  to  /(t;. -•  (I  piK-r  left  *.IiMpilla  alveolar  I'ingiva  — 
X  5(Ht). 

I'u'..  .s.  .\1\’  *  .I0,<  d*  Castrate*!,  I  SO  tlays.  No  other  treatment.  Keratin  and  curls 
apjKar  in  arias  where  none  is  fouml  normally;  a  chanjje  resemblini;  that  occurring  in 
females  treated  with  estn>genic  hormone.  fCpinr  central  iKipilla  areolar  gingiva  — 

X  170). 

Ft*'.,  (i.  Higher  magnilication  of  Hg.  5  showing  iletails  of  keratin  curls.  ;,X  ISW.0. 
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sectomized  group  as  a  whole  than  in  the  female  castrate  group,  except 
in  animal  MV  246  which  more  closely  resembled  the  female  cas¬ 
trates. 


i  io.  7.  V  Jl\i><j|ih>beclomi>M<i  fcomplete  n-nioval)  47  <l:tys.  So  c>thfr 

ireatmt-nt.  Shows  chieri}’  vertical  arratigemeiil  similar  to  //gv.  2  ati«l  /.  (I'pper  ri>;ht 
*4  papilla  alveolar  gingiva  X  650y. 


IJISCLSSKLX 

The  interest  in  this  slutly  t  enters  mainly  about  the  elTet  ts  of  t  astra- 
tion  and  hypophyset  tttmy  tm  the  gingivae  and  oral  mut ous  membranes 
of  rhesus  monkeys. 

I'he  s(.»-(alletl  normal  grt>uj>  shttwed  some  variation  in  histological 
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structure,  as  mij'ht  be  exjx'cted.  The  ages  of  the  animals  varied 
judging  by  hypothetical  classifications  determined  from  their  weights, 
rhus,  one  weighing  IKM)  grams  was  regarded  as  a  baby  monkey; 


Fu:.  S.  MN’  9  Sam*' animal  as  ill /  aiul  7  Shnws  markcil  li>suc  iUm.‘tKTa 

tioii.  .Noif  similarit\  (•>  7/>;.  (.1  jukt  li^lit  4  -4  papilla  ari\>lar  ^im^iva  X  UvK'  . 

Others  were  either  sub-adults  or  adults  ('Table  1 Some  of  the  anitnals 
had  normal  gingivae,  some  showetl  a  mild  gingivitis.  The  little- 
understood  jihysiologii al  state  of  the  animals  might  have  had  some 
Ix'aring  on  the  strmture  of  tlu‘  gingivae.  lU>wever.  within  thes<.‘ 
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limits,  the  gingival  tissues  of  the  normal  series  gave  an  uniform  ap- 
jx'arance  under  the  microscope. 

I'he  impressive  changes  in  the  female  castrate  and  hypophysecto- 
mized  groups  were;  faint  staining  properties;  altered  arrangement  of 
the  prickle  cell  layer;  and  evidences  of  tissue  degeneration,  most 
api>arent  in  the  hypophysectomized  monkeys.  The  stripping  or 
fragmenting  of  the  tissue  was  probably  an  artefact  induced  by  the 
mechanics  of  preparation  for  the  microscope  because  gross  examination 
sh(jwied  them  to  be  whole  and  without  ulcerations.  This  condition 
<  annot  be  attributed  to  post  mortem  changes,  as  the  stripping  was 
observed  also  in  sections  taken  a  few  days  before  some  animals  were 
sa(  rilK  ed.  However,  it  is  to  be  noted  that  this  type  of  artefact  was 
n<jt  seen  in  any  of  the  other  grou{)S. 

An<jther  factor  of  interest  is  the  difference  in  response  between  the 
male  and  female  castrates.  While  evidences  of  tissue  degeneration 
were  discernible  in  the  latter,  the  other  extreme,  or  hyperkeratiniza- 
ticm.  tocjk  place  in  the  former.  Should  the  hyjierkeratinization  de- 
.S(  ribed  be  due  to  effects  of  the  estrogenic  hormone  (as  seemed  to  be 
the  case  in  jirevious  studies)  (1,  2),  then  the  source  of  the  estrogen  is 
obs(  ure. 

CONCI.LSION 

Castration  of  female  rhesus  monkeys  causes,  chiefly,  alteration  of 
the  arrangement  of  the  prickle  cell  layer  of  the-  alveolar  and  areolar 
gingivae,  and  tissue  cicgeneralion. 

Hyjjoj)hysec  tcjiny  c  auses  markc*d  degenerative*  c  hanges  in  the  gin¬ 
givae  and  oral  mucous  membranes  of  female  rhesus  monkeys. 

Castration  of  male  rhesus  monkeys  causes  c  hanges  in  the  gingivae 
and  cjral  mucous  membranes  resembling  the  effec  ts  of  injec  tions  with 
the  e.slrcjgcni(  hormones;  namely,  hyperkc-ratinization. 

\\i-  \\i>h  ti)  ii(  kinjwle<i;;('  iiKltljUdness  and  i-xpR-ss  our  thanks  to  Dui  lnrs  I'kirl  'f. 
J-.nj:!f  aii<i  J'tiilip  j;.  Smith  for  supply in^  nmst  of  the  animals  for  this  report. 

Ki.i  i.i<i..\('i.s  lo  i.in.k.vi  ri<i. 

fl;  Zjskis.  iJ  1.  .  Bi.a(  Klii  !«,,  S.  Si.A.M  I/.,  ('  .\.,  ./.  !>  Res.  15:  407,  tOdP. 
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THE  EFFECT  OF  FLUORINE  ON  MOUTH  BACTERLV 


B.  G.  BIBBY,  B.D.S.,  Ph.D.,  and  M.  VAN  KESTEREN,  M.S. 

Division  of  Dental  Research,  School  of  Medicine  and  Dentistry,  University  of  Rochester, 

Rochester,  N.  Y. 

It  has  been  suggested  (1)  that  the  inhibition  of  dental  caries  brought 
about  by  fluorides  is  the  result  of  their  action  on  the  bacteria  of  the 
tooth  surface.  However,  an  attempt  (2)  to  demonstrate  that  fluorides 
produced  changes  in  the  oral  flora  of  rats  was  inconclusive.  To  cast 
light  on  the  possible  effects  of  fluorine  on  mouth  organisms,  a  brief 
examination  of  the  action  of  fluorides  on  bacteria  is  in  order. 

Flourine  does  not  have  marked  bactericidal  powers.  The  fluorine 
ion  manifests  variable  activity  according  to  the  compound  employed, 
and  some  organisms  seem  to  be  particularly  resistant  to  its  action  (3). 

There  is  some  evidence  that  it  is  an  effective  fungicide  (4).  The 
ability  of  fluorine  to  inhibit  the  action  of  cellular  enzymes  has  re¬ 
cently  attracted  much  attention.  The  demonstration  that  low  con¬ 
centrations  of  fluorine  interfere  with  the  fermentation  of  carbohydrates 
(5)  is  of  particular  interest  in  relation  to  dental  caries.  Most  of  the 
studies  on  this  inhibitory  action  have  dealt  with  the  fermentations  in 
animal  tissues  or  yeast,  but  there  is  no  doubt  that  the  phosphorolating 
mechanisms  of  bacterial  fermentations  are  similarly  affected  (6). 
There  are,  however,  few  records  of  the  effect  of  fluorine  on  bacteriad 
enzymes.  They  consist  of  reports  (7,  8)  of  limitation  of  metabolic 
activity  at  non-lethal  concentrations,  inhibition  (9)  of  the  oxidation  of 
lactic  and  pyruvic  acid  at  dilutions  of  NaF  which  did  not  affect 
respiration,  and  the  finding  (10)  that  somewhat  different  concentra¬ 
tions  of  NaF  were  required  to  prevent  sucrose  fermentation  by  single 
strains  of  colon  bacilli  and  streptococci.  It  has  also  been  shown 
(11,  12)  that  the  breakdown  of  glucose  and  phosphorogly ceric  acid, 
the  key  intermediate  of  the  Embden-Myerhof  fermentation  chain, 
by  propionic  acid  bacteria,  does  not  take  place  in  the  presence  of 

‘  The  work  upon  which  this  report  is  based  was  made  possible  by  funds  granted  by 
the  Carnegie  Corporation  of  New  York. 
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NaF,  but  that  after  subculture  in  fluoride-containing  media  these 
organisms  are  capable  of  fermenting  glucose  in  fluoride  concentrations 
which  normally  prevent  the  fermentation  of  phosphoroglyceric  acid. 
This  is  taken  to  indicate  that  bacteria  may  have  more  than  one 
mechanism  for  the  dissimilation  of  carbohydrates. 

While  the  action  of  fluorides  in  preventing  the  fermentation  of 
carbohydrates  suggests  that  such  an  effect  may  be  concerned  in  the 
limitation  of  caries  in  man  and  animals  ingesting  fluorine,  there  is  no 
direct  evidence  that  this  is  the  case,  nor  does  it  seem  probable,  con¬ 
sidering  the  short  period  of  time  during  which  the  fluorine-containing 
waters  or  solutions  remain  active  in  the  mouth.  In  addition,  there  is 
no  information  regarding  the  effect  of  fluorine  on  the  bacterial  species 
which  might  be  concerned  in  dental  caries.  Therefore,  it  seemed 
important  to  investigate  the  effect  on  the  activity  of  oral  bacteria  of  the 
fluorine  concentrations  likely  to  occur  in  the  human  mouth  under 
conditions  in  which  dental  caries  is  being  inhibited  by  fluorine- 
containing  waters. 


METHODS 

Organisms:  With  the  exception  of  three  strains  of  lactobacilli  isolated  from  milk,  all 
the  strains  of  organisms  used  were  isolated  from  healthy  human  mouths  just  prior  to,  or 
during  the  course  of  the  experiments.  The  oral  lactobacilli  were  cultured  from  Hadley’s 
tomato  juice  agar,  the  streptococci  from  oatmeal-bread  agar  or  rabbit-blood  agar.  Blood 
agar  was  also  used  for  the  isolation  of  all  other  types  except  the  fusiform  bacilli  which 
were  obtained  from  potato-extract  gentian-violet  agar.  Anaerobic  conditions  were  needed 
for  the  isolation  of  the  Pusiformis  and  Leptotrichia.  Subcultures  were  maintained  in 
Douglas’  broth. 

Media:  A  5  per  cent  glucose  Douglas’  broth  media  was  made  by  adding  1  volume  of 
sterile  20  per  cent  glucose  to  3  volumes  of  sterile  Douglas’  broth.  Aliquots  of  10  cc. 
were  pippetted  to  50  cc.  Erlenmeyer  flasks.  When  enamel  or  dentin  was  employed  in 
the  media,  it  was  previously  weighed  and  autoclaved  in  the  flasks  and  the  broth  added 
after  sterilization. 

Fluoride  Dilutions:  Since  marked  reduction  in  dental  caries  is  brought  about  by  waters 
containing  less  than  2  parts  per  million  of  fluorine  (13)  and  since  mildly  fluorosed  teeth, 
containing  approximately  250  and  400  p.p.m.  of  fluorine  in  enamel  and  dentin  respec¬ 
tively  (14),  have  a  greatly  enhanced  resistance  to  caries,  concentrations  of  fluorine  be¬ 
tween  1  and  400  p.p.m.  should  produce  any  of  the  eflects  on  bacteria  which  might  be 
responsible  for  the  reduced  activity  of  caries.  Sodium  fluoride  contains  45.2  per  cent 
of  fluorine;  therefore,  NaF  dilutions  of  from  2  to  1000  p.p.m.  supplied  the  required  fluorine 
concentrations.  Sodium  fluoride  solutions  containing  2,  10,  20,  50,  100,  250,  and  1000 
parts  per  100,000  were  prepared  and  sterilized.  These  were  then  diluted  to  ten  volumes 
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by  addition  to  the  glucose  Douglas’  media  giving  final  dilutions  of  2,  10,  20,  50,  100,  250, 
and  1000  parts  NaF  per  million,  or  from  0.9  to  452  p.p.m.  of  fluorine. 

Two-hundred  milligram  amounts  of  fluorine-containing  dental  tissues  were  also  used 
as  a  source  of  fluorine.  For  this  purpose,  incisor  dentin  from  rats  fed  a  high  fluorine  diet 
and  “artificially  fluorosed’’  dental  tissues  were  utilized.  The  “artificially  fluorosed” 
specimens  consisted  of  enamel  and  dentin  which  as  the  result  of  a  short  treatment  with  a 
sodium  fluoride  solution  had  adsorbed  sufficient  fluorine  to  take  on  the  property  of  lowered 
acid  solubility,  a  characteristic  of  naturally  fluorosed  teeth  (15). 

TABLE  I 

Amounts  of  0. 1  N  acid  produced  by  oral  streptococci  in  diferent  NaF  concentrations 


NaF  CONC.  TH  P.P.M. 


0 

^  1 

10  1 

20 

50 

too 

250  i 

lOOO 

8  Hours: 

Ml 

! 

No.  of  Tests . 

23 

12 

11  1 

12 

2  ! 

2 

No.  of  Strains . 

8 

■9 

6 

6  1 

6  i 

2  : 

2 

Range  (in  ccs.) . 

1.34- 

1.97- 

1.68- 

1.54- 

1.31-  1 

1.10- 

0.43- 

0.45- 

3.39 

3.07 

3.23 

3.14 

2.72: 

2.53i 

1.06 

0.46 

Average  (in  ccs.) . 

2.31 

2.4g 

2.49 

2.48 

2.13 

1.89 

0.75  i 

0.46 

Control  Average  (in  ccs.) . . 

— 

2.43 

2.66 

2.66 

2.66 

2.66 

2.78  j 

2.78 

Reduction . 

— 

-0.05 

0.17 

0.18 

0.53 

0.77 

2.03  i 

1 

2.32 

24  Hours: 

! 

No.  of  Tests . 

mm 

28 

22 

22 

21 

22 

2 

2 

No.  of  Strains . 

14 

13 

9 

9 

9 

9 

2 

2 

Range  (in  ccs.) . 

1.98- 

1.98- 

1.61- 

1.58- 

1.31- 

|1.19-  0.81- 

0.39- 

4.34 

3.42 

3.98 

3.75 

2.90 

2.56;  1.28 

0.60 

Average  (in  ccs.) . 

Kmil 

2.71 

2.62 

2.46 

2.00 

1  1.81 

I  1.05 

0.50 

Control  Average  (in  ccs.) . . 

— 

3.08 

3.26 

3.26 

3.26 

3.26 

1  3.73 

;  3.73 

Reduction . 

— 

0.37 

0.64 

0.80 

1.26 

1.46 

1  2.68 

'  3.23 

Procedure:  Flasks  were  inoculated  with  0.1  cc.  amounts  of  24  hour  cultures  of  the 
test  organisms  and  incubated  at  37°C.  Flasks  containing  enamel  or  dentin  were  rotated 
continuously.  Tests  were  made  at  regular  inter\’als,  generally  8,  12,  24,  48,  72,  and 
96  hours  after  incubation,  although  in  some  experiments  with  the  rapidly  growing  strepto¬ 
cocci  additional  tests  were  made  at  intervals  of  4,  6,  10,  16,  and  20  hours.  separate 
flask  was  used  fur  each  test.  Controls  were  supplied  by  incubating  uninoculated  media 
of  each  fluorine  dilution  for  the  duration  of  the  experiment. 

At  the  end  of  the  incubation  i)eri(Kls  the  pH  of  the  media  was  determined  by  the  u.se 
of  nitrazine  paper  supplemented  with  spot  tests  with  Itrom-phenol-blue  indicator  m  cases 
where  pH  was  4.5  or  l>elow.  'I'he  amount  of  acid  formeil  was  determined  by  titration 
aith  0.1  N  NaOH  using  phenophthalein  as  the  indicator  and  the  first  red  color  as  the 
end-point.  A  burette  calibrated  to  0.01  cc.  was  used  in  this  titration.  When  the  flasks 
contained  tooth  substance,  this  was  centrifuged  out  before  the  titrations  were  made. 


L 


394 


B.  G.  BIBBY  AND  M.  VAN  KESTEREN 


FINDINGS 

The  effect  of  fluoride  solutions  on  acid  production:  The  14  strains  of 
streptococci  tested  produced  acid  most  rapidly  in  the  first  6  or  8  hours; 
thereafter  acid  formation  was  slower  and  virtually  ceased  after  24 
hours.  Since  the  values  obtained  at  other  time  intervals  conformed 
closely  to  an  acid  production  curve  of  the  t)^  indicated,  the  effects 
of  fluorine  can  be  most  simply  presented  by  tabulating  the  results  'of 
the  8  and  24  hour  titrations  (Table  I).  It  is  noted  that  the  amounts 
of  acid  formed  are  reduced  proportionally  with  increasing  concentra¬ 
tions  of  fluoride,  until  at  concentrations  of  1000  p.p.m.  where  no 


definite  growth  occurred,  the  titratable  acidities  are  no  more  than  those 
of  the  uninoculated  control  flasks.  A  graphical  representation  of  the 
effect  of  various  fluoride  concentrations  on  acid  production  by  11 
strains  of  streptococci  is  given  in  fig.  1.  Fig.  2  shows  the  effect  of 
different  concentrations  on  the  rate  of  acid  formation  by  a  single  strain 
of  streptococcus.  Fig.  3  presents  typical  results  obtained  in  one  of 
10  experiments  designed  to  show  the  relationship  between  fluorine 
concentration,  acid  formation  and  bacterial  growth.  For  the  sake 
of  simplification,  the  2,  10,  and  50  p.p.m.  tests,  which  gave  consistent 
intermediate  values,  are  omitted. 

It  is  apparent  from  fig.  3  that  concentrations  of  fluoride  up  to  100 
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p.p.m.  have  no  bactericidal  effect  and,  further,  that  they  do  not  inter¬ 
fere  with  bacterial  multiplication  to  anything  like  the  same  degree 
that  they  inhibit  acid  production.  Where  no  fluoride  is  present, 
acid  elaboration  apparently  continues  until  its  concentration  becomes 
high  enough  to  kill  the  organisms  (a  pH  of  from  4.0  to  4.5  reached  at 
about  20  hours).  Where  the  fluorides  reduce  acid  formation,  the 
bacterial  population  persists  at  a  higher  level.  It  is  interesting  to 
note  that  in  the  presence  of  fluoride,  acid  production  continues  only 


Fig.  2 

as  long  as  the  bacteria  are  growing  rapidly;  whereas,  in  the  control 
cultures,  it  continues  apparently  until  the  pH  of  the  media  becomes 
sufficiently  low  to  inhibit  enzyme  action. 

Two  strains  of  streptococci,  one  a  known  active  acid  producer, 
the  other  a  strain  known  to  belong  to  the  weak  acid  producing  group, 
were  subcultured  and  tested  for  acid  production  under  anaerobic 
conditions.  The  amounts  of  acitls  formed  in  the  various  fluoride 
concentrations  fell  within  the  ranges  given  by  the  two  organisms  in 
previous  aerobic  tests. 
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Fig.  3 


TABLE  II 

Amounts  of  0.1  N  acid  produced  by  lactobacilli  in  diferent  NaF  concentrations 


N«F  CONC.  IN  P.P.M. 


10 

20 

SO 

100  1 

250  1 

1000 

24  Hours: 

■1 

■ 

■■ 

No.  of  Tests . 

12 

8 

12 

No.  of  Strains . 

6 

4 

6 

is 

n 

■■ 

Range  (in  ccs.) . 

0.90- 

0.77- 

0.97- 

1.01- 

0.98- 

0.81- 

1.33- 

0.98- 

3.03 

2.99 

3.03 

3.01 

3.00 

2.86 

1.49 

1.16 

Average  (in  ccs.) . 

1.97 

1.81 

2.04 

1.93 

1.87 

1.64 

1.41 

1.07 

Control  Average  (in  ccs.) . . 

— 

2.63 

l.% 

1.92 

1.88 

1.88 

2.08 

2.08 

Reduction . 

— 

0.82 

-0.08 

-0.01 

0.01 

0.24 

0.67 

1.01 

72  Hours: 

No.  of  Tests . 

41 

32 

12 

8 

12 

12 

4 

4 

No.  of  Strains . 

12 

10 

6 

4 

6 

6 

4 

4 

Range  (in  ccs.) . 

1.34^ 

0.82- 

2.13- 

1.98- 

1.67- 

1.73- 

1.64- 

1.17- 

7.44 

5.50 

5.07 

4.81 

3.02 

3.90 

1.88 

1.38 

Average  (in  ccs.) . 

3.98 

3.. 38 

3.97 

3.21 

2.26 

2.31 

1.75 

1.29 

Control  Average  (in  ccs.) . . 

— 

3.52 

4.98 

3.63 

4.99 

4.99 

6  00 

6.00 

Reduction . 

— 

0.14 

1.01 

0.42 

2.73 

2.68 

4.25 

4.71 

1  a  8 
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The  12  strains  of  lactobacilli  studied  produced  acid  less  rapidly 
than  the  streptococci,  but  under  the  conditions  of  the  test  continued 
to  form  it  for  much  longer  periods,  giving  final  quantities  of  acid  well 
in  excess  of  the  streptococci.  The  results  of  the  24  and  72  hour  titra¬ 
tions,  which  show  the  important  points  on  the  acid  production  curves, 
are  summarized  in  Table  II.  The  effect  of  the  additions  of  fluoride, 
especially  the  low  concentrations,  is  not  very  marked  at  the  24  hour 
period,  but  at  72  hours  the  results  of  the  additions  of  fluoride  are  much 
more  noticeable.  Concentrations  of  1000  p.p.m.  showed  bactericidal 
effects. 


In  the  4  strains  of  lactobacilli  tested  there  appeared  the  same  type 
of  interrelationship  between  growth  and  acid  production  as  that  shown 
for  one  strain  in  fig.  4.  Here,  as  with  the  streptococci,  there  is  an 
indication  that  in  the  presence  of  fluorine,  acid  production  is  most 
marked  during  the  growth  phase  of  the  organisms  but  that  thereafter 
it  is  very  slight.  It  is  apparent  that  fluoride  concentrations  up  to 
100  p.p.m.  do  not  influence  the  growth  of  lactobacilli  and,  therefore, 
the  effects  on  acid  production  must  be  the  result  of  inhibition  of  a 
specific  enzyme  system  of  the  micro-organisms. 

The  action  of  fluorine  on  acid  production  by  4  strains  of  micrococci, 
3  Gram-negative  cocci,  2  actinomyces,  2  fusiform  bacilli,  2  leptotrichia 
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and  1  Gram-negative  bacillus  was  also  tested.  None  of  these  pro¬ 
duced  acid  as  rapidly  as  the  streptococci,  although  after  24  hours, 
with  the  exception  of  the  leptotrichia  and  the  Gram-negative  bacillus 
which  gave  absolutely  no  acid,  all  strains  formed  more  than  the 
lactobacilli.  The  reductions  in  the  amounts  of  acid  were  proportional 
to  the  concentration  of  fluoride  up  to  1000  p.p.m.  where  growth  was 
greatly  limited.  Although,  because  of  the  small  number  of  strains 

THE  EFFECT  OF  FLUOROSED  DENTIN  ON  RATE  OF 


6  9  12  15  18  21  24 

HOURS 


Fig.  5 

tested,  it  cannot  be  regarded  as  significant,  the  acid  production  by  the 
fusiform  bacilli  seemed  somewhat  less  affected  than  that  of  the  other 
types. 

The  effect  of  fluorine-containing  enamel  and  dentin  on  acid  formation: 
Incorporation  of  enamel  and  dentin  in  cultures  of  organisms  either 
increased  or  reduced  the  amount  of  acid  according  to  the  bacterial 
type.  Regardless  of  the  reaction  of  the  particular  strain,  however,  the 
amount  of  acid  produced  by  cultures  of  streptococci  was  reduced  by  as 
much  as  20  per  cent  by  additions  of  heavily  fluorosed  incisor  dentin 
from  rats  fed  a  high  fluorine  diet.  The  rate  of  acid  production  for  2 


EFFECT  OF  FLUORINE  ON  MOUTH  BACTERIA 


399 


tests  is  shown  in  fig,  5.  Dentin  from  animals  fed  a  low  fluorine  diet 
(20  p.p.m.)  did  not  influence  acid  formation  differently  from  normal 
rat  dentin. 

A  reduction  in  acid  production  was  also  brought  about  by  the  addi¬ 
tion  to  cultures  of  “artificially  fluorosed”  enamel  and  dentin.  The 
results  of  tests  of  this  type  are  shown  in  fig.  6.  The  24  hour  tooth 
substance  tests  with  different  organisms  are  summarized  in  fig.  7. 


The  contrasted  results  produced  by  different  organisms  in  the  presence 
of  different  tooth  substances  will  be  discussed  in  another  report. 

Counts  of  the  bacterial  population  carried  out  in  conjunction  with 
the  above  tests  showed  that  the  fluorosed  dental  tissues  had  no  effect 
on  the  growth  of  the  organisms  other  than  that  brought  about  by 
the  buffering  action  of  the  enamel  or  dentin.  The  result  of  this  was 
that  considerable  numbers  of  the  more  aciduric  strains  of  organisms 
were  still  viable  at  the  end  of  the  experiments.  The  population  peak 
was,  however,  the  same,  and  was  reached  at  the  same  time  whether 
enamel  or  dentin  were  present  or  not.  Differences  between  the  acid 
production  in  the  fluorine-containing  and  fluorine-free  dental  tissues 
did  not  appear  until  after  the  bacteria  had  ceased  to  multiply  rapidly. 
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DISCUSSION 

The  results  show  that  fluorine  concentrations  likely  to  be  encoun¬ 
tered  in  the  mouth  will  not  interfere  with  bacterial  growth  but  that 
they  are  capable  of  preventing  the  formation  of  acids  from  carbo¬ 
hydrates.  The  extent  of  interference  with  fermentation  is  propor¬ 
tional  to  the  concentration  of  fluorine.  But  since  fluorine  concentra¬ 
tions  of  no  more  than  one  part  in  a  million  show  a  slight  effect,  it  is 


apparent  that  the  water  from  fluorine-containing  supplies  would  have 
some  influence  on  acid  formation.  However,  the  effects  of  such  waters 
would  be  acting  for  only  a  few  minutes  each  day  and  consequently 
it  does  not  seem  likely  that  their  action  would  significantly  alter  acid 
production  in  the  mouth.  The  finding  that  fluorosed  dentin  exerts 
a  marked  inhibitory  action  seems  to  have  more  importance  because 
the  fluorosed  dental  tissues  would  exert  a  continuous  effect  in  the 
region  of  the  tooth  surface,  the  site  where  acid  production  is  most 
important  in  initiating  dental  caries.  Unfortunately,  the  fluorine 
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content  of  the  teeth  tested  was  much  greater  than  has  been  encoun¬ 
tered  in  human  teeth  and  so  the  reasoning  does  not  necessarily  apply 
to  the  human  mouth.  The  demonstration  that  human  enamel  and 
dentin  adsorb  sufl&cient  fluorine  to  reduce  bacterial  acid  production 
in  their  immediate  environment  is  of  great  interest  and  suggests  that 
fluorine  from  drinking  water  may  be  held  on  the  tooth  and  thereby 
prevent  acid  formation  in  the  region  of  the  tooth  surface  long  after 
the  fluorine-containing  water  has  passed  from  the  mouth. 

Our  correlated  studies  of  the  effect  of  fluorine  on  bacterial  growth 
and  acid  production  are  the  first  of  this  sort  to  be  reported.  The 
fact  that  in  all  these  tests,  even  when  tooth  substance  buffers  were 
present,  the  inhibitory  effect  of  fluorine  was  much  less  during  the 
active  growing  phase  of  the  organisms  than  when  they  had  ceased  to 
multiply  suggests  either  that  the  fluorine  is  less  effective  on  the 
enzymes  of  multiplying  bacteria,  or  that  during  that  phase  the  or¬ 
ganisms  have  an  additional  fermentation  mechanism  which  is  not 
affected  by  fluorine. 

SUMMARY 

The  effects  of  various  concentrations  of  sodium  fluoride  solutions  on 
the  growth  and  acid  production  of  streptococci,  lactobacilli  and  other 
mouth  organisms  were  tested.  The  action  of  fluorosed,  and  fluorine- 
treated  dental  tissues  were  similarly  studied. 

Fluorine  concentrations  of  less  than  1  p.p.m.  limit  acid  production 
by  bacteria  but  concentrations  in  excess  of  250  p.p.m.  are  needed  to 
affect  bacterial  growth. 

Fluorosed  and  fluorine-treated  enamel  and  dentin  also  reduce  acid 
production  by  bacterial  cultures. 
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A  WROUGHT  METAL  FOR  TECHNIC  USE 

GEORGE  S.  EASTON,  D.D.S.,  M.S. 

College  of  Dentistry,  State  University  of  Iowa,  Iowa  City,  la. 

The  high  cost  of  wrought  gold  alloys  prohibits  their  use  as  technic 
material  and  necessitates  the  employment  of  some  suitable  material  in 
practice  manipulation  and  the  construction  of  demonstration  models. 
This  substitute  material  should  possess  physical  and  metallurgical 
properties  quite  similar  to  those  possessed  by  the  approved  wrought 
gold  alloys.  In  addition  thereto  it  should  be  relatively  low  in  cost. 

The  important  requirements  for  a  satisfactor>’  wrought  technic 
metal  may  be  stated  as  follows:  1.  It  should  “plier”  readily  and  pos¬ 
sess  an  adaptability  and  formability  similar  to  that  of  the  wrought 
gold  alloys.  2.  The  lower  limit  of  the  melting  range  should  be  high 
enough  to  permit  a  safe  soldering  procedure.  3.  It  should  be  cap¬ 
able  of  being  soldered  without  the  use  of  a  special  technic.  4.  It 
should  be  capable  of  taking  a  high  polish  and  should  remain  reasonably 
resistant  to  atmospheric  corrosion.  5.  It  should  possess  a  satis¬ 
factory  color.  6.  It  should  be  responsive  to  a  heat  treatment  similar 
to  that  employed  for  the  wrought  gold  alloys. 

.\n  inexpensive  wrought  metal  which  meets  these  requirements 
would  prove  to  be  valuable  in  the  construction  of  display  models  and 
in  practice  manipulation  of  wrought  materials.  This  study  was 
instituted  for  the  purpose  of  investigating  several  possible  sources  of 
such  material  and,  if  possible,  to  find  one  that  would  satisfactorily 
serve  its  intended  purpose. 

The  copjK‘r-zinc  and  copper-tin  alloys  (brasses  and  bronzes)  were 
the  first  to  be  considered  as  a  possible  source  of  a  satisfactory  wrought 
technic  material.  It  was  found  that  the  brasses  and  bronzes  having 
satisfactory  hardness,  strength  and  resiliency  are  not  manufactured 
into  wire  because  of  their  low  malleability  and  ductility  but  are  used 
only  for  casting.  Those  that  are  available  as  wires  have  a  low  elastic 
limit  and  tensile  strength,  especially  in  the  softened  condition.  Fur- 
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thermore,  these  alloys  can  not  be  hardened  by  any  known  method  of 
heat  treatment. 

A  casual  study  of  scientific  and  trade  literature  pertaining  to  likely 
metals  and  alloys  revealed  3  possible  sources  of  the  desired  material: 
1.  An  alloy  of  nickel  containing  copper  and  silicon;  2.  an  alloy  of 
copper  and  beryllium;  and  3.  the  complex  stainless  steel  alloys,  such 
as  one  of  the  nickel-chromium  group  containing  beryllium.  Further 
investigation  indicated  that  the  stainless  alloys  and  the  alloys  of 
nickel  with  copper  and  silicon  would  probably  fail  to  yield  the  desired 
results.  It  is  possible  that  a  nickel-copper-silicon  alloy  might  be 
developed  which  would  possess  the  necessary  physical  properties. 
It  would  not,  however,  be  satisfactory  from  the  standpoint  of  heat 
treatment.  While  it  is  true  that  these  alloys  respond  to  a  type  of 
heat  treatment  in  use  with  the  wrought  golds,  the  required  tempera¬ 
tures  are  beyond  the  range  of  practicability.  The  softening  treat¬ 
ment  would  require  a  temperature  of  about  1900°  F.  while  the  ageing 
or  hardening  treatment  would  have  to  be  done  at  a  temperature  of 
from  1000°  F.  to  1200°  F. 

The  complex  stainless  alloys  were  discarded  for  two  reasons.  The 
nickel-chromium-iron  alloys  containing  beryllium  that  respond  to  heat 
treatment  are  not  being  manufactured  into  wire.  The  alloys  of  this 
group  can  not  be  readily  soldered  by  the  more  common  soldering 
technics. 

The  remarkable  properties  of  copper-beryllium  alloys  have  been 
known  since  1929.^  The  alloys  of  this  system  containing  from  2 
to  2i  per  cent  beryllium  have  played  an  important  role  in  the  fabrica¬ 
tion  of  articles  requiring  a  copper-base  alloy  having  high  formability, 
high  corrosion  resistance  and  good  response  to  heat  treatment.  Since 
these  characteristics  constitute  three  of  the  more  important  require¬ 
ments  of  the  material  under  consideration  it  was  decided  to  study  the 
properties  of  an  alloy  of  copper  and  beryllium  containing  about  97 
per  cent  copper  and  up  to  3  per  cent  beryllium.*  For  simplicity  this 
alloy  shall  hereinafter  be  known  as  B-C  metal. 

*  Beryttium-ArbeiUn,  Siemens-Konzern  (Berlin:  Julius  Springer,  1929). 

*  The  author  is  indebted  to  General  Rehneries,  Inc.,  from  whom  this  alloy  was  ob¬ 
tained,  and  to  K.  W.  Ray,  Director  of  Research  of  General  Refineries,  for  his  analyses  of 
the  material  and  assistance  in  preparing  test  wires. 
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Test  samples  were  prepared  from  ingots  containing  97.2  per  cent 
copper  and  2.8  per  cent  beryllium.  Since  beryllium  is  readily  lost  by 
oxidation  during  softening  heat  treatments,  a  later  analysis  was  made 
on  discarded  test  samples  of  18  gauge  (0.040)  wires.  In  this  instance 
the  beryllium  content  was  2.2  per  cent.  Hence  the  probable  beryllium 
content  of  test  samples  used  in  this  study  was  2.0-2 .5  per  cent.  The 
melting  range  of  the  2.5  per  cent  beryllium  wire  is  1587°F.-1751®F. 
(864®C.-955°C.).  The  fusion  temperature,  by  the  wire  method,  is 
1702°F.  (938°C.). 

The  color  of  B-C  metal  in  its  natural  state  is  predominately  that  of 
copper.  In  the  polished  state  it  presents  an  appearance  comparable 
to  that  of  many  of  the  hard  golds.  The  objectionable  “reddish” 
tinge  so  frequently  observed  in  alloys  of  high  copper  content  is  not 
present. 

Since  it  is  a  base  metal  alloy,  high  in  copper,  B-C  metal  is  not  en¬ 
tirely  resistant  to  atmospheric  corrosion,  and  is  not  at  all  satisfactory 
for  use  in  the  mouth.  It  is  capable  of  being  highly  polished.  Once 
it  has  been  properly  finished  and  polished  but  little  effort  is  required 
to  maintain  a  bright  appearance.  It  can  be  plated  by  the  use  of 
standard  plating  procedures.  Gold  plating  is  readily  accomplished 
and  cases  so  treated  present  a  most  pleasing  appearance. 

Free  hand  and  investment  soldering  operations  were  performed  to 
determine  the  solderability  of  B-C  metal.  Both  silver  technic  solder 
and  gold  solder  of  .650  fineness  were  used.  Some  difficulty  was  en¬ 
countered  when  free  hand  soldering  was  attempted  wdth  technic 
solder  and  borax  flux.  This  situation  was  relieved  by  the  use  of  a 
fluoride  flux  in  ample  amounts.  No  trouble  w’as  encountered  when  a 
.650  fine  gold  solder  was  used. 

B-C  metal  can  not  be  used  for  casting  because  of  the  formation  of 
beryllium  oxide  upon  the  surface  of  the  molten  alloy.  The  beryllium 
oxide  forms  a  tough  coating  which  flux  will  not  remove. 

The  effect  of  heat  treatment  upon  this  material  was  determined 
upon  cold  rolled  samples  approximately  10  mm.  square  and  2  mm. 
in  thickness  and  upon  18  gauge  (0.040)  wires.  The  cold  rolled  samples 
presented  a  Rockwell  “C”  hardness  of  28.  All  samples  were  treated 
in  an  automatically  controlled  electric  furnace  which  had  been  pre¬ 
heated  to  the  desiretl  temperature.  U|)on  removal  from  the  furnace 
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the  samples  were  immediately  quenched  in  water  at  room  temperature. 
The  effect  of  heat  treatment  was  determined  by  hardness  and  stiffness 
tests.  For  hardness  determinations  the  Rockwell  hardness  tester 
was  used,  the  “B”  scale  being  used  for  soft  samples  and  the  “C” 
scale  for  those  that  had  been  hardened.  The  Tinius  Olsen  stiffness 


Fig.  1.  The  effects  of  softening  heat  treatments  on  the  hardness  of  B-C  metal.  (Sam¬ 
ples  were  heated  at  stated  temperatures  for  10  minutes  and  then  quenched  in  water  at 
room  temperature.) 


tester  was  used  for  stiffness  determinations.  Test  values  were  ob¬ 
tained  by  using  the  average  of  the  results  of  three  tests  upon  each 
sample. 

The  effect  of  a  softening  treatment  upon  B-C  metal  was  studied 
upon  samples  which  had  been  treated  for  ten  minutes  at  temperatures 
varying  from  1(XX)°F.  (538°C.)  to  1500°F.  (816°C.)  and  quenched. 
Fig.  1  shows  the  results  of  these  treatments.  The  hardness  of  the 
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material  decreased  from  a  Rockwell  “B”  value  of  104  (obtained  by 
conversion  from  “C”  28)  in  the  cold  rolled  condition  to  48  when 
treated  at  1400°F.  (760°C.). 

In  order  to  determine  the  effect  of  time  as  a  factor  in  the  softening 
treatment,  samples  were  heated  at  1300°F.  (704.5°C.)  and  1350°F. 
(735°C.)  for  periods  of  time  varying  from  five  to  thirty  minutes. 
The  samples  heated  at  1300°F.  (704.5°C.)  presented  maximum  soft¬ 
ness  at  the  end  of  twenty  minutes,  with  but  slight  changes  in  hardness 


5  10  15  20  25  30 

Time  of  Treatment  in  Minutes 


Fig.  2.  The  effects  of  softening  B-C  metal  at  1300°F.  and  1350°F.  for  varying  periods 
of  time. 

occurring  when  the  treatment  time  was  prolonged.  When  the  tem¬ 
perature  was  increased  to  1350®F.  (733®C.)  ten  minutes  of  treatment 
produced  the  same  degree  of  softness  as  did  twenty  minutes  at  1300®F. 
(704.5°C.).  Maximum  softness  occurred  with  the  thirty-minutes 
treatment.  Results  of  these  treatments  are  shown  in  fig.  2. 
The  1350®F.-10  minutes  treatment  was  selected  as  the  softening 
treatment  to  be  used  throughout  this  study.  All  samples  were  so 
treated  and  quenched  in  water  at  room  temperature  before  being 
subjected  to  a  hardening  treatment. 

Since  thirty  minutes  is  the  time  period  frequently  used  in  the  harden- 
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ing  treatment  of  wrought  golds,  it  was  selected  as  the  initial  time  factor 
to  be  used  in  determining  the  hardening  properties  of  B-C  metal. 
Previously  softened  samples  were  heated  for  thirty  minutes  at  tem¬ 
peratures  ranging  from  400®F,  (204°C.)  to  700°F.  (371°C.)  and  varying 
by  intervals  of  50°F.  (28®C.).  A  definite  hardening  effect  occurred 
at  450®F.  (232®C.),  the  maximum  being  reached  at  550°F.  (288°C.). 
The  changes  in  hardness,  obtained  by  using  the  Rockwell  “C”  scale, 
are  shown  in  fig  3.  For  the  purpose  of  comparison  with  hardness  val- 

Tcmpewature  in  Degrees  Centigrade 


204.4  2X22  2600  287.8  3ISJ5  3433  371.1 


Fio.  3.  The  effects  of  hardening  heat  treatments  on  the  hardness  of  B-C  metal 


ues  shown  in  figs.  1  and  2,  Rockwell  “B”  values  are  shown  on  the 
right  side  of  the  graph.  These  values  were  obtained  by  conversion 
and  are  only  approximate.* 

The  effect  of  the  time  factor  in  the  hardening  treatment  was  de¬ 
termined  upon  samples  heated  at  5(X)®F.  (260°C,)  and  550°F.  (288°C,) 
for  5,  10,  15,  20  and  30  minutes  {fig.  4).  In  both  instances  the 
hardness  increased  with  an  increase  in  treatment  time.  Maximum 
hardness  was  closely  approached  following  a  twenty-minutes  treat¬ 
ment,  and  there  was  but  a  slight  difference  between  values  for  the 
samples  heated  at  5(K)®F.  and  those  heated  at  550°^'. 

*  MtUiU  Handl>ook,  (Cleveland,  American  Society  for  .Metals;  iy36),  p.  40. 
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In  order  to  check  the  response  of  B-C  metal  to  other  modes  of 
hardening,  previously  softened  samples  were  hardened  by  oven¬ 
cooling  and  by  a  salt  bath  treatment.  The  Dee  Heatreat  unit  was 
used  for  the  latter  treatment.  Test  samples  were  submerged  for 
twenty  minutes  in  the  molten  salt,  the  temperature  of  which  remained 
reasonably  constant  at  500°F.  (260°C.).  Samples  so  treated  presented 
a  Rockwell  “C”  hardness  of  36. 


TlMC  Of  Treatment  in  Miwures 

Fig.  4.  The  effects  of  hardening  B-C  metal  at  500  F.  and  550  F.  for  varying  periods 
of  time. 

Woodbury-Jelenko  furnace  was  used  for  the  oven-cooling  treat¬ 
ment.  Samples  were  placed  in  the  furnace  at  8-t0°F.  (-149®C.)  held 
at  that  temperature  for  two  minutes,  and  then  cooled  from  8-t0®F. 
to  480®F.  (449®C.-249°C.)  in  fifteen  minutes.  This  treatment  pro¬ 
duced  a  Rockwell  “C”  hardness  of  22. 

The  plastic  properties  of  B-C  metal  following  various  conditions  of 
heat  treatment  were  studied  by  means  of  the  Tinius  Olsen  stiffness 
tester.  This  machine  bends  a  wire  to  a  90®  angle  by  a  continuous  and 
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automatically  applied  load.  Both  load  and  angle  of  bend  may  be 
read  continuously.  Tests  were  made  upon  18  gauge  (0.040)  wires, 


Fig.  5.  A  comparison  of  the  bending  properties  of  B-C  metal  following  various  methods 
of  heat  treatment. 


TABLE  I 


A  comparison  of  the  properties  of  B-C  metal  and  a  6%  pt.  wire 
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*  S. — Softened  for  10  minutes  at  1350°F.  H. — Hardened  at  500“F.  for  20  minutes. 

using  a  bending  moment  of  3  inch-pounds  and  a  span  of  1  inch.  Com¬ 
parative  results  are  shown  in  fig.  5. 

The  90°  bending  strength  or  stiffness  of  a  1  inch  span  of  wire 
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hardened  at  550®F.  (260°C.)  for  twenty  minutes  was  approximately 
32.5  per  cent  greater  than  that  hardened  at  the  same  temperature  for 
ten  minutes,  and  about  235  per  cent  greater  than  the  1-90  stiffness 
of  the  softened  samples.  The  angle  of  set  (shown  by  the  “V”  near 
the  top  of  each  curve),  which  indicates  the  amount  the  wire  has  been 
permanently  bent  when  the  load  is  removed,  was  only  about  95  per 
cent  as  great  for  the  wires  hardened  at  500°F.  for  twenty  minutes  as 
it  was  for  the  softened  samples.  The  angle  of  elastic  flexure  (90® 
minus  the  angle  of  set)  was  greater  for  the  hardened  samples.  This 
angle  of  elastic  flexure  was  about  275  per  cent  greater  for  the  500°F.- 
20  minutes  hardened  wires  than  for  the  softened  wires. 

Tensile  tests  were  made  upon  18  gauge  (0.040)  wires  in  both  the 
softened  and  hardened  condition.  Values  for  tensile  strength,  elastic 
limit  and  elongation  of  B-C  metal  are  compared  with  those  of  a  popu¬ 
lar  6  per  cent  platinum  wire  in  Table  I. 

CONCLUSIONS 

Possible  sources  of  a  satisfactory  wrought  technic  metal  have  been 
investigated.  An  alloy  of  copper  and  beryllium  containing  2-2| 
per  cent  beryllium,  herein  termed  B-C  metal,  has  been  studied  to  some 
extent.  Results  of  this  study  indicate  that  the  properties  of  B-C 
metal  are  such  that  it  may  well  serve  as  a  technic  substitute  for 
wrought  gold  alloys  in  practise  manipulation  and  the  construction  of 
display  models.  In  strength,  elasticity,  elongation  and  melting  range 
it  is  quite  comparable  with  many  of  the  wrought  golds.  It  will  re¬ 
ceive  and  retain  a  high  polish,  in  which  state  its  color  is  satisfactory. 
It  gold  plates  readily.  It  responds  to  the  same  ty'pe  of  heat  treatment 
procedures  as  do  the  wrought  golds,  and  its  response  is  such  that  its 
properties  can  be  varied  to  a  large  extent.  It  can  be  soldered  with 
either  technic  or  gold  solder,  although  the  operation  is  not  accom¬ 
plished  as  easily  as  it  is  when  wrought  golds  are  used.  B-C  metal 
can  not  be  used  repeatedly  because  of  the  loss  of  beryllium  by  oxida¬ 
tion  at  high  temperatures  and  consequent  softness.  It  can  not  be 
cast  satisfactorily. 
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INTRODUCTION 

Although  a  few  analyses  of  deciduous  teeth  have  been  reported 
(1,  2,  3, 4)  the  information  concerning  their  composition  is  incomplete. 
The  previous  workers  made  no  attempt  to  determine  average  val¬ 
ues  and  normal  limits  of  variation  for  even  the  more  important 
constituents. 

In  the  present  analyses,  the  separated  enamel  and  dentin  of  decidu¬ 
ous  teeth  were  analyzed  for:  1.  the  relative  amounts  of  moisture  and 
organic  and  inorganic  matter,  2.  the  calcium  and  phosphorus  per¬ 
centages  of  the  inorganic  residue.  Averages  and  normal  limits  of 
variation  were  computed  for  the  analytical  values.  These  tissues 
possessed  the  same  “remarkable  constancy  of  composition"  previously 
reported  for  fetal  (5)  and  adult  (6,  7,  8)  teeth.  In  fact  the  similarities 
in  chemical  composition  of  deciduous  and  adult  enamel  and  dentin 
are  more  impressive  than  the  minor  differences. 

METHOD 

The  deciduous  teeth  were  obtained  from  the  Rochester  Dental  Dispensary  through 
the  courtesy  of  Dr.  H.  J.  Burkhart  and  Dr.  E.  J.  Pammeter.  After  the  teeth  were  cleaned 
and  carious  material  removed,  enamel  and  dentin  were  separated  by  the  Manly  and 
Hodge  flotation  process  (9).  .\n  the  enamel  and  all  the  dentin  from  each  tooth  were  used 
for  analysis.  The  percentage  of  moisture  was  determined  by  the  method  given  by  LeFevre 
and  Manly  (6).  The  organic  matter  was  extracted  with  potassium  hydroxide  in  ethylene 
glycol  (10).  Calcium  determinations  were  maile  according  to  the  Sobel  and  SkJersky 

‘  This  work  was  supimrted  in  part  by  the  Carnegie  Corporation  of  New  York. 

*  Read  at  the  18th  General  Meeting  of  The  International  .\ssociation  for  Dental  Re¬ 
search,  I'hiladelphia,  March  1.1,  194U  (J.  D.  Res.,  19:  288,  1940)  and  at  the  Cincinnati 
Meeting  of  the  American  Chemical  Society,  .April  9,  1S>40. 
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TABLE  I 
Classification  of  teeth 
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6 

F 

F 

Loose — decay 

421 

|IV 

I 

M 

6 

F 

F 

Abscess 

422 

I 

M 

6 

F 

F 

Decay — exposed  pulp 

423 

V| 

III 

M 

8 

F 

F 

Decay 

424 

\\ 

II 

M 

8 

F 

F 

Decay 

425 

IW 

III 

F 

5 

F 

F 

Orthodontic — cleft  palate 

426 

|IV 

II 

M 

10 

F 

F 

Decay — loose 

427 

iYI 

II 

M 

12 

F 

F 

Decay 

428 

III 

M 

5 

F 

F 

Decay — exposed  pulp 

429 

Y1 

II 

M 

6 

F 

F 

Orthodontic — fistula 
(abscess) 

430 

Iv 

I 

M 

9 

F 

F 

Decay — fistula 

431 

LV 

II 

M 

10 

F 

F 

Decay 

432 

VI 

III 

M 

5 

F 

F 

Decay — exposed  pulp 

433 

fiv 

I 

F 

8 

F 

F 

Abscess 

434 

VI 

II 

M 

6 

F 

F 

Carious 

435 

IV 

I 

F 

6 

F 

F 

Fistula 

436 

IVl 

I 

M 

8 

F 

F 

Carious 

437 

VI 

II 

M 

8 

F 

F 

Carious 

438 

IV| 

I 

F 

8 

F 

F 

Fistula 

439 

IV 

I 

F 

9 

F 

F 

Carious 

440 

fiv 

II 

M 

5 

F 

F 

Carious 

441 

|V 

II 

M 

5 

F 

F 

Carious 

442 

IVi 

I 

F 

7 

F 

F 

Carious 

443 

riv 

II 

M 

8 

F 

F 

Carious 

444 

ivl 

II 

M 

8 

F 

F 

Carious 

445 

VI 

I 

F 

7 

F 

F 

Carious 

446 

I 

M 

5 

F 

F 

Buccal  fistula 

>  The  notation  for  location  is  as  follows:  I  first  incisor,  II  second  incisor,  III  canine, 
IV  first  deciduous  molar,  V  second  deciduous  molar,  L  indicates  upper  right,  J  upper 
left,P  lower  right,  T  lower  left. 

*  Caries  classes  range  from  0  with  no  caries  to  IV  with  severe  caries. 

*  M  male,  F  female,  G  good,  F  fair,  P  poor. 
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TABLE  n 

Analytical  values  for  the  enamel  and  dentin  of  deciduous  teeth 

I  '  I 

MOISTURE*  j  ORGANIC  CALCIUM  PHOSPHORUS 

TOOTH  1%  moist  WI.)  I  (%  DRY  WT.)  (%  INORO.  WT.)  (%  INORG.  WT.) 


D 

E  1 

D 

E 

D 

E 

D 

E 

D 

*  All  values  given  for  calcium  and  phosphorus  are  the  average  of  duplicate  determina¬ 
tions  except  those  marked  with  an  asterisk. 

‘The  term  “moisture”  is  here  used  advisedly  in  preference  to  “water,”  since  it  is 
recognized  that  part  of  the  water  content  of  the  tooth  substance  is  held  as  “water  of 
crystallization”  or  “water  of  constitution”  and  is  not  driven  off  at  100®  C.  (5). 

*  Numbers  which  are  italicized  are  discarded  when  calculating  the  averages. 
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micromethod  (11)  by  precipitating  as  calcium  oxalate,  converting  (at  475-525®C)  it  to 
calcium  carbonate.  This  was  dissolved  in  boric  acid  and  titrated  against  hydrochloric 
add  to  the  pH  of  pure  boric  add.  Phosphorus  was  determined  by  the  Holtz  (12)  micro¬ 
method  in  which  the  phosphorus  was  converted  to  and  weighed  as  ammonium  phos- 
phomolybdate. 

DATA 

Table  I  tabulates  descriptive  material  for  the  45  deciduous  teeth 
used  in  these  analyses.  The  teeth  were  extracted  from  white  children 
between  the  ages  of  5  and  12.  Except  for  4  incisors  and  3  canines, 
all  the  teeth  were  molars;  and  except  for  2  incisors,  all  the  teeth 
showed  caries. 


TABLE  in 

Statistical  summary  of  data  in  table  II 


MOISTUBE 
(%  MOIST  WT.) 

OftOANlC 

(%D1YWT) 

C*  (% 

INOKO.  WT.) 

P(% 

mono.  WT.> 

C»/P 

E 

D 

E 

D 

E  1 

D 

HU 

D 

E 

a 

Average  of  all  data . 

2.2 

11.2 

24.8 

36.1 

33.1 

16.1 

2.06 

2.06 

Average  (corrected)* . 

2.8 

11.1 

4.9 

33.3 

■mB 

16.5 

2.06 

2.08 

Standard  deviation  (cor¬ 
rected)  . 

1.6 

5.6 

3.1 

7.3 

■ 

4.6 

1.2 

2.0 

0.09 

The  “corrected  average”  is  calculated  after  discarding  the  numbers  italicized  in 
Table  II.  The  “standard  deviation  corrected”  is  calculated  from  the  numbers  used  in 
obtaining  the  “corrected  average.” 


Table  II  presents  the  results  of  the  chemical  analyses  of  the  decidu¬ 
ous  teeth  as:  the  percentages  of  moisture  expressed  as  per  cent  moist 
weight;  percentages  of  organic  matter,  as  per  cent  dry  weight,  and 
percentages  of  calcium  and  phosphorus,  as  per  cent  inorganic  weight. 
The  average  difference  of  duplicate  determinations  of  both  calcium 
and  phosphorus  amounts  to  1  per  cent. 

Table  III  shows  a  summary  of  the  values  in  Table  II.  The  cor¬ 
rected  averages  were  calculated  after  discarding  all  values  which  differ 
from  the  average  by  more  than  three  times  the  standard  deviation. 
Some  of  the  percentages  of  moisture  were  so  low  that  it  was  evident 
that  these  samples  had  lost  water  before  their  first  weighing.  These 
very  low  values  were  discarded  although  they  should  have  been  in- 
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eluded  according  to  standard  deviation.  On  these  bases  the  data  were 
summarized  as  follows: 


%  Co 


Fig.  1.  The  distribution  of  caldum  values  for  deciduous  enamel  and  dentin.  Note 
that  the  curve  for  enamel  values  is  to  the  right  of  the  curve  for  dentin  values,  i.e.,  toward 
higher  calcium  percentage. 


DISCUSSION 

Figs.  1  and  2  summarize  the  values  for  the  calcium  and  phosphorus 
determinations  given  in  Table  II.  Those  which  varied  considerably 
from  the  central  tendency  were  omitted  although  in  some  instances 
the  omission  was  not  warranted  on  the  basis  of  the  standard  deviation. 
Only  those  values  for  calcium  falling  between  30  and  41  per  cent  and 
only  those  values  for  phosphorus  falling  between  13  and  21  per  cent 
were  used.  The  curves  for  these  two  elements  follow  the  normal  dis- 
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tribution  curve  fairly  well.  In  the  case  of  phosphorus  the  mode  is 
very  pronounced  in  both  enamel  and  dentin.  Although  the  mode  is 
less  pronounced  for  calcium,  the  central  tendency  is  still  definite. 
Note  that  the  curve  shifts  to  the  right  for  enamel  in  both  the  calcium 
and  phosphorus  graphs.  It  is  e\-ident  that  the  calcium  and  phos¬ 
phorus  graphs  follow  similar  curves. 


IS  M  a  10  17  19  19  2021 

%  P 


Fig.  2.  The  distribution  of  phosphorus  values  for  deciduous  enamel  and  dentin.  Note 
that  the  curve  for  enamel  values  is  to  the  right  of  the  curve  for  dentin  values,  i.e.,  toward 
higher  phosphorus  percentages  (compare  fig.  1). 

The  comparisons  of  these  data  with  those  obtained  in  earlier 
analyses  are  shown  in  Table  IV.  In  some  cases  it  is  not  known 
whether  the  basis  of  the  percentages  of  calcium  and  phosphorus  is 
moist  weight,  dry  weight,  or  inorganic  weight.  Sometimes  it  is  not 
known  whether  the  percentage  of  organic  matter  is  calculated  on  the 
basis  of  moist  or  dry  weight.  No  matter  what  the  basis  of  calculation 
may  be,  the  calcium :  phosphorus  per  cent  ratio  is  a  constant  means  of 
comparison.  Where  these  were  not  given  by  the  original  authors, 
they  have  been  calculated.  For  deciduous  teeth  Pepys  (1)  found  a 
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Ca/P  of  2.13;  Gassmann  (2),  2.23;  Murray  (3),  2.07;  LeFevre  and 
Hodge  (4),  2.09;  for  fetal  teeth,  Hess,  Lewis  and  Roman  (13),  2.05; 
LeFevre,  Bale  and  Hodge  (5),  2.04.  These  values  compare  rather 
well  with  our  present  values  of  2.06  for  enamel  and  2.08  for  dentin 
(lower  part  of  Table  IV).  The  theoretical  Ca/P  for  tricalcium  phos¬ 
phate  is  1.94  and  for  hydroxylapatite  is  2.15.  All  of  these  ratios  fall 
within  this  range  except  Gassmann’s  high  value. 


TABLE  IV 

Comparison  of  analyses  of  deciduous  teeth 


AUTHOR 

TISSUE* 

NO. 

TEETH) 

IIOISTUSE* 

OBGANIC* 

c 

P» 

C»/P 

Pepys  (1804) . 

W.t. 

p.s. 

26.4  M 

12.4  M 

2.13 

Gassmann  (1908) .... 

W.t. 

1(?) 

8.76  M 

22.8  D? 

29.6  D? 

13.3  D? 

2.23 

Hess,  Lewis  and 

Roman  (1932) . 

fetal  w.t. 

12 

11.5  mg. 

Murray  (1936) . 

D 

p.s. 

37.61 

18.21 

2.07 

LeFevre,  Hodge 

(1937) . 

w.t. 

9 

11.1  M 

34.9  I 

16.7  I 

2.09 

LeFevre,  Bale,  Hodge 

(1937) . 

fetal  w.t. 

56 

6.82  M 

34.51 

16.91 

2.04 

( 

E 

45 

2.8  M 

4.9  D 

36.01 

17.81 

2.06 

Data  from  Table  III  < 

D 

45 

11.1  M 

33.3  I 

16.51 

2.08 

‘  w.t.  whole  tooth;  E.  enamel;  D.  dentin. 

*p.s.  pooled  sample. 

*  M — %  moist  weight;  D — %  dry  weight;  I — %  inorganic  weight. 


The  values  obtained  in  the  present  chemical  analyses  for  moisture, 
organic  matter,  calcium  and  phosphorus  are  classified  in  Table  V, 
parts  A,  B,  C  and  D,  according  to  caries  class,  tooth  location,  and 
age  and  sex  of  subject,  respectively. 

There  is  no  significant  variation  of  tooth  composition  with  caries 
class  (Table  V,  part  A). 

It  is  questionable  whether  the  location  of  a  tooth  is  related  to  its 
chemical  composition.  In  Table  V,  part  B,  the  first  and  second  in¬ 
cisors  have  much  lower  values  for  calcium  and  phosphorus  in  the 
enamel  than  do  the  canines  and  molars.  In  the  dentin,  the  first 
incisors  have  low  calcium  and  phosphorus  content,  but  the  second 
incisors  have  as  much  as  the  other  teeth.  Due  to  the  small  number  of 


TABLE 

Classification  of  analytical  data 


MOisruuc 

aaoAinc 

CALcnm 

pxosraoivs 

CASIS8 

CLA88 

(%  MOUI  WT.) 

(%  DXT  WTj 

(%  tmomo.  WT.) 

(%  tNoao.  WT.) 

E  1  D 

E  1  D 

E  1  D 

E  1  D 

A.  Classification  according  to  caries  class 


0 

3.8 

11.1 

5.9 

16.9 

30.1 

30.2 

13.9 

14.6 

(2)* 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

I 

1.7 

12.5 

14.9 

24.2 

36.8 

33.0 

17.8 

15.9 

(18) 

i  (19) 

(19) 

(18) 

(19) 

(18) 

(19) 

(18) 

II 

2.4 

10.1 

25.4 

36.2 

34.1 

17.4 

16.6 

(19) 

1  (19) 

(19) 

(19) 

(19) 

(19) 

(18) 

(19) 

III 

2.9 

12.2 

14.0 

28.0 

36.1 

31.7 

18.8 

15.4 

(5) 

1  (5) 

(5) 

(S) 

(5) 

(5) 

(5) 

(5) 

B.  Classification  according  to  tooth  location 


LOCATION 

I 

9.7 

37.3 

32.6 

28.2 

26.1 

13.5 

12.5 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

i 

3.8 

11.1 

5.4 

16.9 

30.1 

30.2 

13.9 

14.6 

1 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

(2) 

III 

5.4 

5.8 

17.5 

18.4 

36.2 

29.7 

17.6 

16.7 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

IV 

9.6 

13.6 

26.8 

37.2 

32.1 

18.2 

15.4 

i  (18) 

(18) 

(18) 

(18) 

(18) 

(18) 

(17) 

(18) 

V 

12.0 

6.2 

24.0 

36.4 

35.7 

17.8 

17.2 

(19) 

(20) 

(20) 

(19) 

(20) 

(19) 

(20) 

(19) 

C.  Classification  according  to  age  of  child 


AGE 

5 

2.0 

7.8 

5.5 

23.9 

36.9 

31.8 

18.3 

15.7 

(7) 

(8) 

(8) 

(8) 

(8) 

(8) 

(8) 

(8) 

6 

2.5 

11.6 

11.2 

19.8 

35.7 

32.7 

17.2 

15.8 

(9) 

(9) 

(9) 

(8) 

(9) 

(8) 

(9) 

(8) 

7 

1.5 

7.5 

15.8 

23.1 

33.8 

33.8 

16.2 

15.9 

(5) 

(5) 

(5) 

(5) 

(5) 

(5) 

(5) 

(5) 

8 

1.6 

10.2 

17.3 

30.0 

35.3 

33.9 

17.7 

16.4 

(10) 

(10) 

(10) 

(10) 

(10) 

(10) 

(9) 

(10) 

9 

1.8 

10.9 

2.8 

25.6 

38.6 

36.0 

18.3 

17.0 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

10 

3.3 

13.5 

5.7 

25.3 

38.6 

33.3 

18.0 

16.2 

(4) 

(4) 

(4) 

(4) 

(4) 

(4) 

(4) 

(4) 

11 

4.5 

18.6 

18.4 

21.9 

36.7 

31.0 

17.8 

16.9 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

12 

1.7 

11.1 

7.4 

27.5 

36.2 

32.8 

17.6 

15.4 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

(3) 

D.  Classification  according  to  sex  of  child 


S£X  i 

1 

1 

Male 

2.1 

10.9 

9.2 

25.7 

36.1 

33.7 

17.5 

16.2 

(30) 

(31) 

(31) 

(31) 

(31) 

(31) 

(30) 

(31) 

Female 

2.6 

9.6 

15.8 

22.7 

36.0 

31.7 

17.8 

15.9 

(14) 

(14) 

(14) 

(13) 

(14) 

(13) 

(14) 

(13) 

‘  In  these  tables  all  values  are  included;  i.e.,  those  greater  than  three  times  the  standard 
deviation  in  Tables  II  and  III  are  not  discarded. 

*  Numbers  in  parentheses  are  number  of  cases. 
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incisors  analyzed,  the  low  averages  may  be  coincidental  rather  than 
significant.  From  Table  II,  it  may  be  seen  that  the  individual  calcium 
and  phosphorus  values  for  incisors  are  lower  than  for  molars,  but  these 
percentages  may  be  aberrant  rather  than  actual. 

A  peculiar  trend  may  be  seen  in  the  values  at  different  ages  (Table  V, 
part  C).  For  the  years  5,  6  and  7,  phosphorus  and  calcium  values 
decrease  in  the  enamel.  During  the  same  years,  phosphorus  and 
calcium  percentages  increase  in  dentin.  The  apparent  variations 
with  age  may  be  explained  in  the  same  way  as  those  for  location; 
i.e.,  more  teeth  should  be  analyzed  before  any  generalization  is  made 
as  to  relations  between  composition  and  either  age  or  tooth  location. 

No  significant  variations  are  seen  when  the  values  for  teeth  from 
males  are  compared  with  those  from  females  (Table  V,  part  D). 

There  are  no  regular  variations  for  percentages  of  either  moisture 
or  organic  matter  that  would  indicate  any  definite  trend. 

It  has  been  suggested  that  these  classifications  of  the  teeth  are  not 
significant.  The  caries  class,  location,  age,  and  sex  should  have  been 
intercorrelated  to  make  these  data  more  valuable.  However,  the 
limited  number  of  tooth  samples  available  made  this  impossible. 

The  chemical  determinations  of  deciduous  teeth  are  compared  with 
those  of  adult  teeth  in  Table  VI.  The  average  percentages  for 
permanent  tissues  were  taken  from  the  following  authors:  of  moisture 
and  organic  matter — ^LeFevre  and  Manly  (6),  of  calcium,  phosphorus 
and  calcium :  phosphorus  ratio  in  enamel — Armstrong  and  Brekhus 
(7),  and  in  dentin — French,  Welch,  Simmons,  LeFevre  and  Hodge  (8). 

The  average  percentage  of  moisture  in  deciduous  enamel  is  slightly 
higher  than  in  adult  enamel,  but  deciduous  dentin  has  a  slightly  lower 
moisture  content  than  adult  dentin.  In  neither  case  is  the  difference 
greater  than  the  range  of  values  included  by  the  standard  deviations; 
therefore  the  differences  are  not  statistically  significant.  Deciduous 
enamel  and  dentin  have  higher  average  organic  contents  than  the 
permanent  tissues.  In  this  case  also,  the  differences  are  not  statis¬ 
tically  significant.  If  the  moisture  and  organic  contents  are  sunmied, 
the  inorganic  contents  can  be  calculated  by  difference.  On  this  basis 
deciduous  enamel  has  92.5  per  cent;  permanent  enamel  96.0  per  cent; 
deciduous  dentin  67.2  per  cent;  p)ermanent  dentin  69.3  per  cent  in¬ 
organic  matter.  In  each  case  the  permanent  tissue  appears  to  be 
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slightly  more  calcified  than  the  deciduous.  The  deciduous  enamel 
samples  may  have  had  more  enamel  cuticle  than  the  permanent. 
The  slightly  lower  calcification  of  the  deciduous  tissues  is,  however,  in 
line  with  the  greater  susceptibility  of  young  enamel  to  impregnation 
by  stains  (14),  with  the  lower  density  (15,  16)  and  with  the  differences 
in  birefringence  (17). 

The  percentage  of  calcium  in  enamel  is  lower  for  deciduous  than 
permanent  teeth.  The  other  calcium  and  phosphorus  values  for  both 
enamel  and  dentin  are  nearly  the  same.  Ca/P  is  slightly  lower  for 
deciduous  than  adult  teeth. 

The  calcium :  phosphorus  per  cent  ratio  is  a  remarkably  constant 
value  (Tables  II,  III,  IV,  VI).  Its  constancy  indicates  that  the  tissues 

TABLE  VI 


Comparison  of  deciduous  and  permanent  teeth 


MOISTUIE  I 
{%  MOIST  WT.)| 

1  ORGANIC  I 
(%  MOIST  WT.)I 

! 

Ca 

(%  D«V  WT.) 

P 

(%  DRY  WT.) 

Ca/P 

E 

to 

E 

'D 

E 

D 

£ 

'd 

E 

♦  D 

Peixaanent . 

2.3 

13.2 

1  1.7  i 

1  17.5 

36.1 

17.3 

12.6 

2.07 

2.09 

Deciduous . j 

j  2.8 

11.1 

4.7 

21.7 

34.3 

26.1 

17.0 

12.9 

2.06 

1 

2.08 

contain  the  same  fundamental  inorganic  compound.  From  the  Ca/P 
ratios  calculated,  the  compound  is  more  like  hydroxylapatite  than 
tricalcium  phosphate.  Through  x-ray  diffraction  study,  LeFevre, 
Bale  and  Hodge  (6)  showed  that  tooth  substance  (fetal,  deciduous, 
and  permanent)  is  similar  to  fluorapatite.  The  fact  that  the  decidu¬ 
ous  Ca/P  ratio  lies  between  those  of  fetal  and  adult  teeth  (Tables 
IV,  VI)  suggests  either  that  with  increase  in  age  the  fundamental 
inorganic  compound  is  modified,  or  that  substances  are  added  (per¬ 
haps  carbonates)  which  involve  an  increase  in  the  calcium  content 
relative  to  the  amount  of  phosphorus  present.  The  principal  in¬ 
organic  molecule  of  both  deciduous  and  permanent  teeth  is  probably 
hydroxylapatite.  The  constancy  of  composition  of  these  calcified 
tissues  is  the  outstanding  finding  of  the  analyses.  The  chemical 
differences  Ijetween  deciduous  and  permanent  enamel  and  dentin  are 
much  less  striking  than  the  near  identity  of  their  composition 
(Table  VI). 


CHEMICAL  ANALYSES  OF  DECIDUOUS  ENAMEL  AND  DENTIN  423 


SUMMARY 

1.  The  composition  of  deciduous  teeth  is  very  similar  to  that  of 
adult  teeth. 

2.  The  calcium/phosphorus  ratio  of  the  inorganic  part  of  deciduous 
teeth  falls  between  those  for  fetal  and  adult  teeth,  indicating  that  the 
principal  inorganic  molecule  is  probably  the  same  (hydroxylapatite) 
in  each. 

3.  Calcium/phosphorus  ratios  are  2.06  for  deciduous  enamel  and 
2.08  for  deciduous  dentin. 

4.  Normal  values  for  deciduous  teeth  are  as  follows:  moisture, 
enamel  2.8  per  cent,  dentin  11.1  per  cent;  organic  matter,  enamel  4.9 
per  cent,  dentin  24.0  per  cent;  calcium,  enamel  36.0  per  cent,  dentin 
33.3  per  cent;  phosphorus,  enamel  17.8  per  cent,  dentin  16.5  per  cent. 

5.  Deciduous  enamel  and  dentin  composition  does  not  vary  sig¬ 
nificantly  when  teeth  are  classified  according  to  caries  class,  tooth  loca¬ 
tion,  age  and  sex  of  subject. 

REFERENCES  TO  LITERATURE 

(1)  Pepys,  W.  H.,  quoted  by  Fox,  J.,  The  Natural  History  of  Human  Teeth,  (London, 

T.  Cox  and  Son:  1803). 

(2)  Gassmann,  T.,  Z.  physiol.  Chem.,  55:  455,  1908. 

(3)  MnasAY,  M.  M.,  Biochem.  J.,  30:  1567, 1936. 

(4)  LeFevse,  M.  L.,  and  Hodge,  H.  C.,  7.  D.  Res.,  16:  279,  1937. 

(5)  LeFevee,  M.  L.,  Bale,  W.  F.,  and  Hodge,  H.  C.,  7.  D.  Res.,  16: 85, 1937, 

(6)  LeFevee,  M.  L.,  Manly,  R.  S.,  J.  A.  D.  A.  and  D.  Cosmos,  25:  233, 1938. 

(7)  Aemsteong,  W.  D.,  and  Brekhus,  P.  J.,  7.  Biol.  Chem.,  120:  677,  1937. 

(8)  Feench,  E.  L.,  Welch,  E.  A.,  SnoiONS,  E.  J.,  LeFevse,  M.  L.,  and  Hodge,  H.  C. 

7.  D.  Res.,  17;  401, 1938. 

(9)  Manly,  R.  S.,  and  Hodge,  H.  C.,  7.  D.  Res.,  18:  133, 1939. 

(10)  Ceowell,  C.  D.,  Hodge,  H.  C.,  and  Line,  W.  R.,  7.  D.  Res.,  14:  251,  1934. 

(11)  SoBEL,  A.  E.,  AND  Sklersky,  S.,  7.  Biol.  Chem.,  122:  665,  1938. 

(12)  Holtz,  F.,  Biochem.  Z.,  210:  252,  1929. 

(13)  Hess,  A.  F.,  Lewis,  J.  M.,  Rohan,  B.,  D.  Cosmos,  74:  1053,  1932. 

(14)  Skillen,  W.  G.,  j.  a.  D.  a.,  W.  402,  1924. 

(15)  Boyd,  J.  D.,  Drain,  C.  L.,  and  Deakins,  M.  L.,  7.  D.  Res.,  17:  465,  1938. 

(16)  Berghash,  S.,  and  Hodge,  H.  C.,  unpublished  data. 

(17)  Harders-Steinbacser,  M.,  Z.fiir  Zdlforsch.,  28:  274,  1938. 


INTERNATIONAL  ASSOCIATION  FOR  DENTAL  RESEARCH* 


Scientific  Proceedings  op  the  New  York  Section 
June  6,  1940 

Compiled  by  FRANCES  KRASNOW,  Ph.D.,  Editor 
Abstracts 

1.  A  NEW  METHOD  FOR  DETERMINATION  OF  THE  RELATIONSHIP 
BETWEEN  ORAL  INFECTION  AND  SYSTEMIC  DISEASE:  VALUE  OF  BLOOD 
SEDIMENTATION  RATE.  Jatties  L.  Zemsky,  D.D.S.  and  Paul  Liebesny, 
M.D.,  Bronx  Hospital,  New  York.  The  employment  of  an  electro¬ 
physical  agent  to  determine  possible  relationship  between  systemic 
involvement  and  oral  infection  furnishes  a  new  method  for  investi¬ 
gation  in  this  field.  It  is  based  on  the  fact  that  short  wave  irradia¬ 
tion  of  either  normal  tissues  or  inactive  foci  has  no  appreciable  effect 
on  blood  sedimentation  rate,  while  patients  presenting  active  foci 
show  increased  blood  sedimentation  rate.  Although  no  definite 
explanation  can  be  offered  for  this  reaction,  it  is  not  unlikely  that  the 
irradiation  with  short  wave  of  sufficient  intensity  causes  temporary 
increase  of  inflammation  and  greater  permeability  for  toxins  in  the 
region  of  the  focus.  In  this  connection,  it  should  be  remembered 
that  certain  diseases  may  revive  old  inactive  foci  by  altering  the  level 
of  body  immunity  which  introduces  another  point,  i.e.,  a  provocative 
factor.  The  provocation  of  an  oral  focus  is  accomplished  through  a 
small  special  transformer  with  electrodes  adapted  for  irradiation  of 
individual  teeth.  Blood  specimens  are  secured  prior  to,  as  well  as 
following  the  irradiation  and  from  these  samples  the  blood  sedi¬ 
mentation  rate  is  determined.  This  new  procedure  offers  a  possibility 
of  ascertaining  the  existence  or  non-existence  of  causal  relationship 
between  certain  foci  of  infection  and  systemic  disease  and  may  pre¬ 
vent  sacrifice  of  teeth.  Case  reports  complete  the  presentation. 

'The  cost  of  publication  of  these  proceedings  is  paid  by  the  New  York  Section. 
Other  contributions  have  not  been  displaced,  these  pages  being  added  to  those  budgeted 
for  Volume  19. 


425 


426 


FRANCES  KRASNOW 


2.  Results  of  culturing  root  canals  by  a  simple  anaerobic 
METHOD.  Maurice  Buchbinder,  D.D.S.,  School  of  Dental  and  Oral 
Surgery,  Columbia  University,  New  York.  Although  it  has  long 
been  known  that  strictly  anaerobic  bacteria  are  frequently  present 
in  infected  root  canals,  most  clinical  tests  for  bacterial  growth  allow 
for  only  aerobic  cultivation.  A  simple  method  for  growing  anaerobes 
suitable  for  office  use  is  presented.  One-half  dram  screw  cap  vials, 
sealed  with  a  thick  rubber  rim  under  the  cap,  are  filled  with  Difco 
brain-heart-infusion  broth  containing  0.7  per  cent  agar.  Upon  auto¬ 
claving  the  vials  the  air  is  driven  out,  thereby  providing  anaerobic 
conditions  for  several  weeks  if  the  cap  is  tight.  Clostridia  grew  read¬ 
ily  in  the  vials;  methylene  blue  added  to  the  medium  was  reduced. 
At  the  Columbia  University  root  canal  clinic,  106  successive  pairs  of 
cultures  were  made  in  the  agar  medium  indicated  above  and  in  one 
of  the  same  composition  without  agar — one  cotton  point  being  stabbed 
into  the  agar,  the  other  dropped  into  the  broth.  34  showed  growth 
in  both  tubes,  53  were  sterile  in  both,  14  showed  growth  in  the  agar 
but  not  in  the  broth  and  5  showed  growth  in  the  broth  but  not  in  the 
agar.  A  distinctly  higher  proportion  of  positive  results  were  thus 
obtained  by  the  anaerobic  method,  indicating  the  presence  of 
anaerobes  in  the  root  canals. 

3.  Daily  observations  on  the  formation  of  cementum,  peri¬ 
odontal  MEMBRANE  AND  BONE  WITH  THE  USE  OF  BOILED  COW  BONE 
POWDER.  Frank  E.  Beube,  D.D.S.,  Department  of  Periodontology, 
School  of  Dental  and  Oral  Surgery,  Columbia  University,  New  York. 
It  was  noted  that  boiled  bone  powder  inserted  into  the  cavity  arising 
from  the  removal  of  the  buccal  plate,  periodontal  membrane  and 
cementum  over  roots,  resulted  in  the  generation  of  new  alveolar 
bone,  p)eriodontal  membrane  and  cementum.  Up  to  the  sixteenth 
day  bone  particles  could  be  observed  in  the  histological  sections. 
They  were  much  more  abundant  in  the  earlier  days.  The  new  ce¬ 
mentum  or  osteoid  tissue  was  the  first  structure  to  be  laid  down  over 
the  denuded  dentin  after  the  formation  of  early  connective  tissue. 
This  was  seen  on  the  fourteenth  day.  A  few  days  later  trabeculation 
of  the  alveolar  bone  with  early  connective  tissue  formation  between 
the  new  cementum  and  the  trabeculating  bone  began  to  appear.  On 
the  twenty-seventh  day,  there  was  increased  trabeculation  and  more 
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bone  was  laid  down,  but  no  true  periodontal  membrane  as  yet  had 
formed;  the  connective  tissue  however  was  losing  its  early  histological 
appearance.  A  well  formed  periodontal  membrane  was  noted  on 
the  thirty-fifth  day.  The  cementum  showed  increasing  thickness 
as  the  days  passed.  The  manner  by  which  the  bone  particles  were 
utilized  was  not  determined. 

4.  Report  of  a  correlation  between  caries  and  periodontal 
DISEASE.  Samuel  Charles  Miller,  D.D.S.  and  Benjamin  B.  Seidler, 
A.B.,  D.D.S. ,  College  of  Dentistry,  New  York  University,  New  York. 
A  series  of  1,003  cases  were  studied  radiographically  to  determine 
whether  a  correlation  exists  between  caries  and  periodontal  disease. 
The  cases  were  selected  at  random  and  ranged  in  age  from  11  to  60 
years.  Bodecker’s  modified  dental  caries  index  was  employed  in  the 
computation  of  a  particular  radiographic  series.  The  amount  of 
alveoloclasia  was  used  as  the  index  of  periodontal  disease.  It  was 
found  that  females  were  more  resistant  to  alveoloclasia  and  were  more 
susceptible  to  caries;  males  evidenced  the  reverse  relationship.  In 
order  to  determine  the  coeflhcient  of  correlation,  Pearson’s  product 
moment  method  was  used.  The  coeflScient  of  correlation  for  the 
entire  group  of  1,003  cases  was  found  to  be  +2.  The  coefficient, 
determined  by  the  same  method,  on  a  group  of  cases  of  from  31  to 
45  years  of  age,  was  found  to  be  —8.  Results  are  considered  to  be 
insignificant  if  they  are  less  than  35.  It  seems  most  likely,  therefore, 
that  there  is  no  relation  between  the  two  factors.  Given  a  certain 
caries  index,  that  patient  may  evidence  no  alveoloclasia,  or  show  any 
amount. 


Misplacement  of  the  Tribute  to  Dr.  Kronfeld 


By  accident,  in  the  arrangement  of  the  parts  of  the  Proceedings  of  the  meeting  of  the 
International  Association  for  Dental  Research  in  Philadelphia,  on  March  13  and  14^’ 
the  tribute  to  Dr.  Kronfeld,  now  on  pages  266-276,  does  not  precede  the  presidentu^ 
address,  which  at  the  meeting  succeeded  the  tribute  and  was  in  turn  followed  by  tha 
inaugural  address.  The  intended  sequence  of  these  three  parts  of  the  Proceedings  is 
indicated  on  page  312. 
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